The Adoption of Next Generation Digital Printing Technology in Package Printing by Wang, Yujue




The Adoption of Next Generation Digital Printing
Technology in Package Printing
Yujue Wang
yw1766@rit.edu
Follow this and additional works at: http://scholarworks.rit.edu/theses
This Thesis is brought to you for free and open access by the Thesis/Dissertation Collections at RIT Scholar Works. It has been accepted for inclusion
in Theses by an authorized administrator of RIT Scholar Works. For more information, please contact ritscholarworks@rit.edu.
Recommended Citation
Wang, Yujue, "The Adoption of Next Generation Digital Printing Technology in Package Printing" (2016). Thesis. Rochester Institute
of Technology. Accessed from
 
 




By Yujue Wang 
 
A Thesis submitted in partial fulfillment of the requirements 
for the degree of Master of Science 
in the School of Media Sciences 
in the College of Imaging Arts and Sciences 




Primary Thesis Advisor: Professor Robert Eller 




School of Media Sciences  
Rochester Institute of Technology  
Rochester, New York 
 
 
Certificate of Approval  
 
 
The Adoption of Next Generation Digital Printing Technology in Package Printing 
 
This is to certify that the Master’s Thesis of  
Yujue Wang 
Has been approved by the Thesis Committee as satisfactory  
For the Thesis requirement for the Master of Science in Print Media degree 






Primary Thesis Advisor: Robert J. Eller  
 
 
Secondary Thesis Advisor: Bruce L. Myers 
 
 
Graduate Program Director: Christine Heusner 
 





Table of Contents 
 
List of Figures  ..................................................................................................... vii 
List of Tables  ..................................................................................................... viii  
Abstract  ............................................................................................................... ix 
Chapter 1: Introduction ......................................................................................... 1 
Topic Statement  ............................................................................................. 1 
Significance of Topic ....................................................................................... 1 
Reason for Interest .......................................................................................... 2 
Chapter 2: A Review of Literature in the Field ...................................................... 3 
Introduction ..................................................................................................... 3  
Adoption and Diffusion of New Technology..................................................... 3 
Demand Determinants ............................................................................... 4 
Supply Behavior ......................................................................................... 5 
Environmental and Institutional Factors ..................................................... 6 
Assessment Framework ............................................................................ 7 
Adoption of Digital Printing in Pressure Sensitive Labels ................................ 8 
Technology Readiness .............................................................................. 9 
Incremental Benefits ................................................................................ 13 
Cost of Change ........................................................................................ 16 
Mitigating Factors .................................................................................... 18 





Next Generation Digital Press Technologies ................................................. 22 
HP Indigo ................................................................................................. 23 
Landa Nanography .................................................................................. 23 
Kodak Stream Inkjet Technology ............................................................. 27 
Chapter 3: Research Objective........................................................................... 30 
Research Objective ....................................................................................... 30 
Limitations ..................................................................................................... 30 
Chapter 4: Methodology ..................................................................................... 31 
Step 1. Characterize Package Market Segments .......................................... 32 
Step 1.1. Identify Package Market Segments .......................................... 32 
Step 1.2. Assess the Potential of Each Segment ..................................... 32 
Step 2. Analyze Functional Printing Requirements versus the Capabilities of 
Digital Printing Technologies ................................................................... 33 
Step 2.1. Determine Functional Printing Requirements for the Target 
Market Segments .......................................................................... 33 
Step 2.2. Assess the Ability of Digital Printing Presses to Meet the 
Requirements ................................................................................ 33 
Step 3. Build Cost Models ............................................................................. 34 
Step 3.1. Identify Cost Factors and Build A Cost Model .......................... 34 
Step 3.2. Acquire Cost Data for Digital and Conventional Printing .......... 34 
Step 3.3. Validate Model .......................................................................... 34 





Step 4.1. Assess Need for Short Run Printing ......................................... 35 
Step 4.2. Assess Need for Short Leadtime and Customized Printing ...... 35 
Step 4.3. Assess Crossover Run Length ................................................. 36 
Step 5. Conduct In-Depth Interviews to Validate Results .............................. 36 
Step 5.1. Select Participants .................................................................... 36 
Step 5.2. Develop the Interview Questionnaire ........................................ 37 
Step 5.3. Review Questionnaire with Internal Experts ............................. 37 
Step 5.4. Pilot Test Questionnaire ........................................................... 37 
Step 5.5. Conduct Interviews ................................................................... 37 
Step 6. Refine Results and Conclusions ....................................................... 38 
Step 6.1. Analyze Interview Results ........................................................ 38 
Step 6.2. Refine and Finalize Research Conclusions .............................. 38 
Chapter 5: Results .............................................................................................. 39 
Presentation and Discussion of the Data ...................................................... 39 
Characterization of Package Market Segments ....................................... 39 
Functional Printing Requirements versus Digital Printing Capabilities ..... 46 
Cost Models ............................................................................................. 47 
Identify Most Suitable Segments – Detailed Assessment of Flexible  
Packaging ................................................................................................ 48 
Identify Most Suitable Segments – Detailed Assessment of Folding  
Cartons .................................................................................................... 53 





Chapter 6: Summary and Conclusions ............................................................... 66 
Summary ....................................................................................................... 66 
Folding Carton Results ............................................................................ 66 
Folding Carton Interview Validation ......................................................... 68 
Flexible Packaging Results ...................................................................... 69 
Conclusions ................................................................................................... 70 
Analysis and Interpretation of the Data .................................................... 70 
Agenda for Further Research .................................................................. 71 
Bibliography ........................................................................................................ 73 
Appendix A: PS Label Cost Comparison Model ................................................. 77 
Narrow Web Flexo Cost Model ..................................................................... 77 
Liquid Toner Digital Printing Cost Model ....................................................... 85 
Appendix B: Estimated Cost Saving (Indigo ws4050 vs Flexo) .......................... 91 
Appendix C: Flexible Packaging Cost Model ...................................................... 94 
Overhead Cost Calculation ........................................................................... 94 
Ink Cost Calculation ...................................................................................... 96 
Flexo Ink Cost Calculation ....................................................................... 96 
Prosper Ink Cost Calculation ................................................................... 97 
Flexible Packaging Cost Model ..................................................................... 98 
Appendix D: Folding Carton Cost Model .......................................................... 104 
Sheetfed Offset Model ................................................................................ 104 





HP Indigo 30000 Model ............................................................................... 111 
Appendix E: Summary of Validation Interviews ................................................ 114 
Comments from Digital Press Supplier Interview - April 9th, 2015 .............. 114 
Comments from Large Carton Supplier Interview - April 10th, 2015 ........... 114 
Comments from Medium Carton Supplier Interview - April 14th, 2015 ........ 115 










List of Figures 
Figure 1. Run length distribution (number of 50 x 100 mm labels) ................... 14 
Figure 2. Research Methodology – Overview Flowchart .................................. 31 
Figure 3. Research Methodology – Step 1 Characterize Market Segments ..... 32 
Figure 4. Research Methodology – Step 2 Analyze Rqmts vs Capabilities ...... 33 
Figure 5. Research Methodology – Step 3 Build Cost Model ........................... 34 
Figure 6. Research Methodology – Step 4 Identify Suitable Segments  ........... 35 
Figure 7. Research Methodology – Step 5 Conduct In-Depth Interviews ......... 36 
Figure 8. Research Methodology – Step 6 Refine Assessment........................ 38 
Figure 9. Run Length Distribution for B1 Sheetfed Presses at a Large Folding 
Carton Converter. ............................................................................................. 55 
Figure 10. Cost Comparison Model – Flexo Cost Calculation .......................... 78 
Figure 11. Time and Materials Model ............................................................... 79 
Figure 12. Unit Cost Model ............................................................................... 83 
Figure 13. Cost Comparison Model – Digital Cost Calculation ......................... 85 
Figure 14. Cost Comparison Model – Digital Finishing Cost Calculation .......... 88 
Figure 15. Flexo Printing Cost Model for Flexible Packaging ........................... 98 
Figure 16. Digital Printing Cost Model for Flexible Packaging ........................ 101 
Figure 17. Sheetfed Offset Model – Cost Model ............................................. 104 
Figure 18. Landa S10 Model – Cost Model .................................................... 108 





List of Tables 
Table 1. HP Indigo 30000 Press Specification.................................................. 23 
Table 2. Landa Nanography Press Specification .............................................. 26 
Table 3. Kodak Prosper Press Specification .................................................... 29 
Table 4. Digital Opportunity Assessment for Flexible Packaging...................... 40 
Table 5. Digital Opportunity Assessment for Labels ......................................... 41 
Table 6. Digital Opportunity Assessment for Corrugated .................................. 42 
Table 7. Digital Opportunity Assessment for Folding Cartons .......................... 43 
Table 8. Digital Opportunity Assessment for Other Packaging Formats ........... 44 
Table 9. Promotion Assessment for Folding Cartons in Walmart ..................... 56 
Table 10. Promotion Assessment for Folding Carton in Wegmans .................. 57 
Table 11. Promotion Assessment for Folding Carton in PriceRite .................... 58 
Table 12. HP Indigo 30000 Crossover Run Length .......................................... 61 
Table 13. Savings Calculation – Job Length Distribution with Digital and Flexo 
 Production Costs by Run Length Range ......................................................... 91 
Table 14. Total Savings Calculations ............................................................... 93 










 This research addresses the question of which packaging market 
segments are best suited to adopt next generation digital printing technology in 
the near future. According to McCluskey and Larson (2001), Molly (2005), and 
Eldred (2008), waste reduction and cost effectiveness in short run printing, short 
leadtime printing, and custom printing are the primary benefits of digital printing. 
The researcher screened eight major package market segments to determine 
which segments had the most need for these benefits. At the conclusion of this 
effort, the researcher identified flexible packaging and folding cartons as the two 
strongest candidates for early penetration by next generation digital printing 
technologies. The researcher then analyzed each of these markets in detail.  
 An assessment of technology readiness led the researcher to focus on the 
folding carton market. Data gathered from folding carton converter interviews 
indicated that jobs with run lengths less than 12,000 B1 sheets are poorly suited 
for offset presses and constitute short runs. Jobs less than 2,000 B1 sheets are 
typically uneconomic to produce. Based on job cost models developed for this 
research, runs up to 2,000 B1 sheets can be economically produced by the HP 
30000, and runs in excess of 12,000 B1 sheets can be economically produced by 
the Landa S10 in the long term. 
The other benefits of digital printing, short lead time printing and 





targeted to narrow local markets. To assess this opportunity, the researcher 
surveyed 4,562 SKUs in Walmart, Wegmans, and PriceRite, and found that 
folding cartons with on-package promotions constituted five to fifteen percent of 
all folding cartons observed. During the interview phase of the research, the 
researcher found that existing distribution chains in the US are poorly adapted to 
delivering localized promotions to specific stores. Nevertheless, one converter 
stated some large brands were asking for localized promotions, so the 
opportunity may be real. 
Thus, the researcher concluded that the folding carton market is best 








Topic Statement  
The problem addressed by this research is to determine which packaging 
market segments are best suited to adopt digital printing in the future. 
Investigating this problem requires an understanding of the diffusion and 
adoption of new technology. Hall and Khan (2003) investigated technology 
diffusion and see it as the cumulative result of a series of calculations that weigh 
the incremental benefits of adopting a new technology against the costs of 
change. In practice, these decisions are often made in an environment which is 
full of uncertainty and limited information. In this environment, potential users are 
uncertain about the future evolution of the new technology and its benefits. The 
benefits, costs, and even the very existence of the emerging technologies may 
be unknown to them. It is relevant to note that while the ultimate decision of 
whether or not to adopt a new technology is made on the demand side, the 
benefits and costs can be influenced by the decisions of technology suppliers. 
 
Significance of Topic  
The motivation for investigating this problem is that digital printing is 
currently poised to increase its share of the package printing market. According 





printing for packaging will reach $15.3 billion in 2018 (Smithers Pira, 2013). This 
assertion is supported by three observations. First, digital printing has already 
largely penetrated one segment, Pressure Sensitive Labels. Second, the market 
trends and benefits that drove the adoption of digital printing in the Pressure 
Sensitive Label segment exist in other segments. Finally, digital printing 
technologies are achieving the levels of cost and performance required to 
participate in a broader range of packaging applications. For example, it took less 
than a year for ten of the largest flexible packaging converters to purchase an HP 
20000 digital press following its launch in 2013 (Spaulding, 2013). 
 
Reason for Interest 
The researcher is interested in this topic because he perceives digital 
printing in packaging to be growing and is personally interested in understanding 
how digital printing technology will influence the future of packaging. 
The researcher also believes that packaging converters and brand owners 
will need to adjust their strategies to take advantage of this new technology and 
meet new market requirements. This research will help him gain a deeper 








A Review of Literature in the Field 
Introduction 
Literature in the field was reviewed to develop an understanding of how 
new technology is adopted, the drivers for adoption of digital technologies in 
packaging, the package market segments which could adopt digital printing 
technologies, and the next generation digital printing technologies which could 
penetrate them. 
 
Adoption and Diffusion of New Technology 
According to the seminal work of Everett Rogers’ Diffusion of Innovations 
theory (Rogers, 2003), Grewal and Levy (2007) argued that the spread of a new 
product follows a bell-shaped curve. At first, a few people buy the product, then 
an increasing number of people buy the product, and finally fewer people buy as 
the market becomes saturated and the degree of the diffusion slows. Grewal and 
Levy also pointed out the diffusion of a product depends on four product 
characteristics, which are relative advantage, compatibility, observability, and 
complexity and trialability. 
Hall and Khan (2003) claimed that the adoption of a new technology is the 
cumulative result of weighing the incremental benefits of adopting the technology 





the factors influencing the adoption of a technology, including demand 
determinants, supply behavior, and environmental and institutional factors.  
Demand Determinants 
Hall and Khan (2003) argued that the obvious determinants of the 
adoption of a new technology are the benefits and the costs of adoption. 
However, some less obvious factors are also important, such as the skill levels of 
workers, the state of the capital goods sector, customer commitment, customer 
relationships, and network effects. 
Skill level of workers. Rosenberg (1972) claimed that the skill levels of 
workers have a crucial influence on the adoption of new technology. The 
implementation of a technology requires new skills. If it is time-consuming or 
costly to acquire these skills, it may slow adoption.  
State of capital goods sector.  Rosenberg (1972) also argued the 
importance of the state of the supplying goods sector. If the technology is 
commercially feasible and within the engineering capability of the supplying 
industry, adoption will be relatively rapid. Otherwise, the adoption will take longer. 
Customer commitment and relationships. Hall and Khan (2003) pointed 
out that a stable and reliable customer base is an important factor for adopting a 
new technology. When the demand is uncertain, firms cannot easily predict 
whether they can recover the cost of adoption or how long they will take to 
recover it, so this may result the abandonment of a new technology even though 





customer commitment can help firms to predict the profit and the demand which 
gives them incentives to adopt a new technology if it is profitable. 
Network Effects. Hall and Khan (2003) claimed that the value of a 
technology will increase as the number of users in the network increases, and 
called this phenomenon the network effect . Network effects are likely to impact 
the adoption of technology as it is expected that they may affect the benefits from 
a new technology. There are two related but very different factors that could 
increase technology adoption by network effects, direct network effects and 
indirect network effects. Direct network effects stem from the fact that users’ 
utility from adoption of a technology directly increases with the total network size. 
The indirect network effects are similar, except the increase in utility comes from 
a wider availability of a complementary goods. Therefore, with larger networks, 
firms are likely to expect higher benefits.  
Supply Behavior 
Rosenberg (1972) claimed that the behavior of the new technology 
suppliers has a significant influence on the adoption and diffusion of their 
technologies. One of the reasons for the slow acceptance of new technologies is 
the poor performance of its suppliers and the reactions of competitive technology 
suppliers. If a new technology is not perfect in the first stage, then continuous 
improvement of the technology by its suppliers is an important factor in its 
adoption. Nevertheless, old technology suppliers realize the risk of being 





technology suppliers find themselves chasing a moving target. In addition, 
complementary inputs are another important factor in technology adoption. Many 
of the problems associated with adopting new technologies can be solved in this 
way. For instance, skill gaps in the labor force can be solved by training courses 
provided by suppliers.  
Environmental and Institutional Factors 
Hall and Khan claim that there are three main environmental and 
institutional factors: market structure, firm size, and government and regulation. 
Market Structure. The authors claimed that market structure has an impact 
on new technology adoption. In one germane study done by Henderson and Kim 
(1990), the prices of new mobile telecommunications services were relatively 
lower when there was more competition in the European market, and as a result 
of the lower price, adoption increased. Parker and Röller (1997) found similar 
relationship between competition and adoption of mobile telecommunications 
services in the American market.  
Firm Size. Hall and Klan (2003) claimed that large firms with large market 
shares are more likely to adopt new technology because they have the resources 
to invest money on new technology, and they have the ability to deal with the 
potential risks and uncertainty generated from the adoption of new technology as 
well. However, Hall and Klan stated that large size firms may also slow down the 
diffusion rate due to the complex decision-making processes. Henderson and 





a new technology because their resources and human capital are all associated 
with the old technology. 
Government and Regulation. Hall and Klan (2003) stated that government 
and regulations impact the adoption of technology significantly. They have the 
ability to encourage or prohibit adoption directly in many industries.  
Assessment Framework 
Based on the foregoing review of the literature, the following framework 
will be used to assess the readiness of packaging market segments to adopt 
digital printing.  
Technology Readiness. Closely aligned with Hall and Khan’s “State of 
Capital Goods” criteria, technology readiness addresses the question, “Is there a 
digital technology that is capable of meeting the needs of the market segment 
under investigation?”  Assessing technology readiness requires a listing of 
market needs together with an assessment of the ability of digital printing 
technologies to meet each of those needs. 
Incremental Benefits. Incremental benefits are a primary driver of adoption 
in the Hall and Khan model. In general, the incremental benefits of digital printing 
are lower cost for short runs, shorter leadtimes, and the ability to customize 
products (Molly, 2005). For each market segment under investigation, the relative 
strength of these benefit areas will be evaluated and, where possible, quantified. 
Cost of Change. The other primary driver of adoption in the Hall and Khan 





cost of change includes the direct cost of the digital press, associated costs such 
as maintenance and consumables, and the need for new or enhanced worker 
skills, together with the risk of being unable to create adequate demand for the 
new capabilities being offered. 
Mitigating Factors. Finally, the literature is filled with examples of factors 
that reduce the cost of change.  For purposes of the present research, the 
following factors will be considered for the market segments being investigated.  
Supplier support (e.g., operator training, maintenance training, technical support, 
continuous improvement of technology), user networks (e.g., supplier sponsored 
networks, Internet discussion groups), availability of lead customers who are 
willing to share the risk of adopting the new technology, and co-supplier support 
(e.g., development of complementary inputs – substrates, software). 
 
Adoption of Digital Printing in Pressure Sensitive (PS) Labels 
Digital printing’s first unqualified success in the packaging market was its 
penetration of the PS Label segment. The success of digital printing in the PS 
label market is evident from the following facts: 
The technology has been widely adopted with about 2,300 color digital 
presses estimated to be operating globally in the packaging and label market at 






The use of digital printing in the Pressure Sensitive Label market has been 
and continues to be a story of steady growth.  In 2008, some 500 digital presses 
were used in this market (HP Indigo, 2008). By 2010, this number had increased 
to 1,050 presses (InfoTrends, 2009), and this number has more than doubled 
over the last four years. 
Finally, a new generation of digital presses (e.g., the Mark Andy Digital 
Series) is currently entering the market with more than twice the performance of 
an HP Indigo ws6000 (Mark Andy, 2014).  This new generation of presses is 
poised to further increase the share of PS labels printed digitally. 
The success of digital printing in the PS label market fits the adoption and 
diffusion models discussed in the previous section. 
Technology Readiness 
In order to participate in the PS label market, a digital press must be 
capable of meeting the basic needs of label printers. These needs were identified 
by analyzing the advertised capabilities of the conventional presses which are 
currently used in the PS label segment.  Based on this analysis, three capability 
requirements were identified: 
1. Format. The size of the printable area must be large enough to print 
the majority of PS labels.  Based on the sizes of conventional presses 
used in this market segment, a minimum format size of 450mm x 250 





2. Image Quality. As most labels are used in consumer facing 
applications, image quality is critical. Four key image quality 
characteristics were identified. First, the press should be able to print a 
wide range of colors because labels use vivid colors to attract 
consumers. Second, the press should be able to accurately reproduce 
spot colors because they are widely used in PS labels. Third, as the 
labels are used in retail application, high resolution images are 
required to attract consumers’ attention. Finally, as labels play a critical 
role in ensuring product integrity and carrying product information, 
labels should have the functionality required to prevent imitation, 
counterfeiting, or tampering (InfoTrends, 2010; Smithers Pira, 2013). 
3. Substrate compatibility. Because PS labels are commonly printed on 
plain paper, coated paper, polyethylene (PE), oriented polypropylene 
(OPP), polyethylene terephthalate (PET), and vinyl facestocks, the 
press should be able to print well on the majority of these substrates.  
In addition, because a significant quantity of transparent and metalized 
facestock is used in the PS label market, the press should be capable 
of printing opaque white ink (Avery Dennison, 2014). 
 By 2004, digital presses capable of meeting these requirements were 
entering the market (Smithers Pira, 2013).  Although several digital technologies 
participated in the PS label market, liquid toner electrophotography (HP Indigo 





dominant position in the market (Smithers Pira, 2013).  Thus, this section focuses 
on the technical readiness of the first truly successful HP Indigo presses (the 
ws4000 series).  
1. Format. According to “HP Indigo press ws4050” (2004), the maximum 
image size of HP Indigo ws4050 is 12.1 inches x 17.7 inches 
(approximately 300mm x 450mm), which means this digital press is 
capable of printing most PS labels. 
2. Image Quality. Based on information contained in the “HP Indigo press 
ws4050” brochure (2004), HP designed the Indigo ws4000 press to 
satisfy the four image quality requirements which were previously 
identified.  First, HP IndiChrome on-press, a PANTONE® certified, 6-
color process for expanded color gamut printing, satisfies the 
requirement to print a wide range of colors. Second, HP IndiChrome 
off-press enables printers to reproduce spot colors by taking 
advantage of HP Indigo’s Special Ink Mixing Services. HP Indigo 
ws4050 users are able to simulate 97% of the PANTONE® colors 
range using these custom mixed HP inks. Third, the HP Indigo ws4050 
provides the high resolution (up to 812 x 1624 dpi) required to 
participate in the PS label market. Finally, the HP Indigo ws4050 can 
imprint special security features on labels to keep the product safe 





3. Substrate compatibility. The HP Indigo ws4050 handles a wide range 
of substrates. “Compatible substrate materials include: plain and 
embossed papers, synthetic materials, including PE, PET, OPP, 
Teslin, Vinyl, and PVC, as well as specialized substrates, such as 
metalized and “no label look” products” (HP Indigo, 2004, p. 4). In 
addition, HP Indigo offers a white ElectroInk which can be used to print 
on transparent and metalized substrates. 
By 2013, HP Indigo had updated its press from the HP Indigo 4000 series 
to the HP Indigo 6000 series, which significantly improved its ability to meet the 
technology capability requirements.  
1. Format. According to “HP Indigo WS6600 Digital Press” (2013), HP 
Indigo WS6600 increased the maximum image size to 12.48 inches x 
38.58 inches (approximately 316mm x 980mm), which means this 
digital press is capable of printing virtually all PS labels (Mark Andy, 
2007; Gallus, 2010).   
2. Image Quality. Based on “HP Indigo WS6600 Digital Press” (2013), HP 
Indigo WS6600 was designed to improve performance versus the 
image quality requirements which were previously mentioned. First, the 
HP Indigo WS6600 replaced the 6-color printing process with a 7-color 
process to provide an even wider digital color gamut. Using this 
enhancement, it can emulate a great majority of PANTONE® colors on 





true spot colors can also be mixed off press for customer critical 
PANTONE® solids. Third, resolution was enhanced with HDI (High 
Definition Imaging) printing (capable of 2438 x 2438 dpi). Finally, the 
HP Indigo WS 6600 also addresses security printing with an end-to-
end security printing solution capable of producing microtext as small 
as 0.7 point, and being integrated with a variety of creation and 
inspection solutions from the world’s leading providers. 
3. Substrate compatibility. According to “HP Indigo WS6600 Digital 
Press” (2013), the HP Indigo WS6600 Digital Press retained the 
excellent substrate compatibility of the HP Indigo ws4050. 
Incremental Benefits 
According to Hall and Khan (2003), in order to enter the PS label market 
and compete with the conventional presses, a digital press must provide 
incremental benefits versus conventional printing processes. According to 
McCluskey and Larson (2001), Molly (2005), and Eldred (2008), waste reduction 
and cost effectiveness in short run printing, short leadtime printing, and custom 
printing are the primary benefits of digital printing. 
Short Run Printing. There is a significant demand for short run printing in 
the PS label market. Figure 1 shows the distribution of PS label jobs by run 
















Figure 1. Run length distribution (number of 50 x 100 mm labels). Adapted from 
“HP Indigo press ws4050”, retrieved from http://www.graphicsource.com.ec/ 
include/php/Global/document.php?doc=ws4050_BRO_Low.pdf.  Copyright 2004 
by Hewlett-Packard Development Company, L.P. 
Based on the data shown in this chart, over 65% of all label jobs are less 
than 50,000 labels in run length, while approximately 80% are less than 100,000 
labels in run length. According to HP Indigo, the breakeven point between the 
cost of digitally printed labels and conventionally printed labels is approximately 
2000 meters (50,000 labels) for an HP Indigo ws4050 and 4000 meters (100,000 
labels) for an HP Indigo ws6600 (HP Indigo, 2004; HP Indigo, 2013). The 
breakeven points claimed by HP Indigo were independently validated by the 
researcher using the cost model shown in Appendix B. When printing cost alone 
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is very close to 2,000 meters (approximately 1,900 meters).  When the cost of 
out-of-line finishing is added to the cost of printing the breakeven point is reduced 
to approximately 1,400 meters. Both numbers are influenced by many 
assumptions (e.g., press purchase price, labor cost, overhead cost), so the 
researcher believes that HP Indigo’s claims are reasonable and the model 
developed in Appendix B is somewhat conservative. Based on the results of this 
analysis, cost reduction in short run printing is a key driver supporting the 
adoption of digital printing in PS labels. In fact, a typical PS label printer could 
save over $230,000 per year. By moving one shift’s worth of short run flexo jobs 
to an HP Indigo ws4050 as shown in Appendix C. 
Customization. Customization is regarded as the second most important 
driver for the adoption of digital printing in the PS label market, but its impact is 
limited by the fact that custom PS labels are a small segment in this market. A 
number of websites offer custom labels for events such as birthday parties, 
weddings, and corporate retreats (e.g., www.evermine.com, www.labeley.com). 
Although the businesses offering this service appear to be successful, an Internet 
search reveals that they are few in number and generally small firms.  This is 
consistent with the nature of the market since events are also relatively few in 
numbers and attended by a limited number of participants. By taking advantage 
of digital printing, converters who participate in this segment can print customized 
labels economically and can deliver them to customers in a short time. For 





them design their own labels, and guarantees that the labels they design can be 
printed within 48 hours after they place the order. 
Short lead time. Among the three factors considered, short lead time 
printing is the least important. Compared to other markets where flexography is 
the primary printing technology, leadtimes for flexo printed PS labels are already 
much shorter.  For example, 24/7 Label Co., a company using exclusively flexo 
presses, advertises a standard turnaround time of 4 to 5 business days. The 
short flexo leadtimes in the PS market appear to result from the insourcing of 
plate making by PS label printers due to the small size of their presses, coupled 
with the generally short run nature of this market. The short leadtimes already 
offered by flexo PS label converters satisfy the needs of many customers and 
reduce the demand for yet shorter leadtimes when such leadtimes come at the 
expense of higher cost digital printing for medium to long runs. 
Cost of Change 
 Early adopters of HP Indigo experienced a high cost of change due to 
factors such as: 
 Substrate Compatibility.  Because HP Indigo technology used liquid 
toner ink, ink adhesion was a problem (Botström, 2003). 
 Finishing. According to “HP Indigo press ws4050” brochure (2005), 
the Indigo press does not include inline finishing, so a separate 
finishing unit is required to convert printed label stock to finished 





(Noddyrocket, 2012), special finishing hardware is required to 
process HP Indigo prints without damaging them. 
 Prepress. Because the prepress workflow for digital printing is 
different from that used in flexo printing, some graphic design 
problems were mentioned by operators or designers. For instance, 
Kaplan (2006) cited a graphic design problem which resulted in 
smudging when using an HP Indigo printer.  
 Hardware Improvement. Although according to “HP Indigo press 
ws4050” brochure (2005), the HP Indigo ws4050 was fast enough to 
economically produce 65% of all PS label jobs, many of the 
remaining jobs are still very expensive to produce using a flexo 
press. As a result, some printers were dissatisfied with the 
productivity of the ws4050 press and asked for a more productive 
press.  
 Operator Skills. Because most package printing plants use flexo 
printing presses, their press operators were much more familiar with 
flexo printing technology than digital (Askew, 2014). However, as a 
comparison of job descriptions shows, operators with excellent flexo 
skills still lack the skills required to run digital printing presses 
successfully (What Does a Digital Press Operator Do, 2014). 
 Troubleshooting. When digital printing was first introduced, it was a 





For example, operators were confused when they had blanket 
memory issues when printing on an HP Indigo press and needed 
assistance in troubleshooting these problems (Whittaker, 2004). 
Mitigating Factors 
The mitigating factors identified in the assessment framework played a 
significant role in the successful adoption of digital printing in the PS label 
segment.  
Supplier Support.  In order to promote the adoption of its presses in the 
digital printing market, HP Indigo introduced a broad range of services that 
allowed its customers to overcome technical issues and accelerate operator 
learning.  
 Substrate Compatibility.  HP Indigo created a substrate certification 
program to help substrate suppliers evaluate the substrate compatibility of 
their substrates with HP Indigo presses. Materials which passed this 
rigorous evaluation process were certified by HP Indigo and promoted to 
Indigo users.  Certified materials gave printers the ability to take customer 
orders with the knowledge that they would be able to order substrates that 
printed well on their Indigo presses. 
 Finishing.  According to the “HP Indigo press ws4050” brochure (2005), 
HP engaged finishing equipment suppliers (e.g., Nilpeter, AB Graphic 
International, SMAG, and Rotoflex Vericut Systems) to design finishing 





producing salable PS labels by adding functionality such as die cutting 
and overcoating.  
 Prepress.  Because the prepress workflow for digital printing is different 
from that which is typically used in flexo printing, HP Indigo established 
cooperative agreements with industry-leading workflow partners (e.g., 
Esko-Graphics, Artwork Systems). 
 Hardware Improvements. HP Indigo also improved its hardware to 
enhance its capability and productivity when used to print PS labels. For 
instance, when HP Indigo introduced its third generation presses (the 
ws6000 series), image size, operating speed, and maintainability were all 
significantly improved.  
 Operator Training. According to “HP Indigo press ws4050” brochure 
(2005), HP Indigo provides world class training which includes operator 
training and maintenance training. A range of operator training programs 
teach everything from basic skills to advanced press operation and 
troubleshooting. In addition, maintenance training provides instruction in 
preventative maintenance and corrective actions.  
 User Networks.  HP Indigo established user communities (e.g., My HP 
Indigo and Digital Solutions Cooperative), where HP Indigo users can 






 Support Services.  HP Indigo offers a full range of support services to help 
its users. Support services include site preparation, workflow setup, 
remote diagnostics, on-site field service, fast part delivery, and hotline 
help desks. 
 User Networks.  As mentioned above, HP Indigo took the lead in 
establishing and supporting user networks.  In addition to HP sponsored 
networks, a variety of Internet discussion groups and websites were developed 
by the users themselves. For example, the researcher found printing discussion 
websites which are not HP Indigo sponsored (e.g., PrintPlanet.com, 
digitalprintrepublic.com, and graphicdesignforum.com) that provided discussion 
forums for Indigo concerns.  
 Availability of Lead Customers.  Each time HP Indigo launched a new 
series of digital presses, it identified and worked with lead customers to debug its 
presses and create success stories to encourage its customers to invest in these 
new presses.  For example, according to “HP Announces First U.S. Customer for 
HP Indigo 30000 Digital Press” (2012), Nosco Incorporated was a lead customer 
for the launch of the HP Indigo 30000 in the United States. 
 Co-supplier Support.  As discussed above, HP Indigo developed 
cooperative relationships with substrate, finishing, and prepress software co-
suppliers.  These relationships allowed co-suppliers to invest in Indigo 





users’ point of view, these complementary products provided a complete solution 
which significantly reduced the risk of adoption. 
 
Package Segmentation 
There are several ways to segment the packaging market. For purposes 
of this research, the market is segmented by packaging format (i.e., the structure 
of the package). The segmentation used in this research was developed based 
on market segments identified by Eldred (2008), Hanlon, Kelsey, and Forcinio 
(1998), and Bruno (1995).  
For the purposes of the present research, the packaging market consists 
of the following market segments:  
1. Flexible Packaging (Eldred, 2008) 
a) Single Wall Bags (Hanlon et al., 1998) 
b) Bag-in-box structures (Hanlon et al., 1998) 
c) Pouches (Hanlon et al., 1998) 
d) Overwraps (Hanlon et al., 1998) 
e) Multiple Wall Bags (Hanlon et al., 1998) 
2. Labels (Eldred, 2008) 
a) Cut & Stack (Bruno, 1995) 
b) Rollfed (Hanlon et al., 1998) 
c) Pressure Sensitive (Bruno, 1995) 





e) Sleeves (Bruno, 1995) 
f) Tags (Bruno, 1995) 
3. Corrugated (Eldred, 2008) 
a) Direct Printed (Eldred, 2008) 
b) Preprinted Liner (Eldred, 2008) 
c) Litho Laminates (Eldred, 2008) 
4. Folding Cartons (Eldred, 2008) 
a) Sanitary Cartons (Eldred, 2008) 
b) Other Cartons (Eldred, 2008) 
5. Ice Cream and Dairy Cups (Eldred, 2008) 
6. Metal Cans (Eldred, 2008) 
a) Two Piece Cans (Eldred, 2008) 
b) Three Piece Cans (Eldred, 2008) 
7. Directly Printed Bottles (Eldred, 2008) 
a) Glass (Eldred, 2008) 
b) Plastic (Eldred, 2008) 
8. Collapsible Tubes (Eldred, 2008) 
 
Next Generation Digital Press Technologies 
Recently several high output digital press technologies have been 
introduced. Of these technologies, HP Indigo 30000, Landa Nanography and 






The digital printing technology of HP Indigo 30000 is the same as that of 
the HP Indigo ws6000 described earlier, but the width of the press is increased to 
the meet the demands of folding carton packaging.  
Presses. HP Indigo 30000 is a B2 size sheetfed digital press.  
Table 1 
 HP Indigo 30000 Press Specification  
Performance Characteristic HP Indigo 30000 
Image size 29.1 x 20.1 in maximum 
Printing speed 3450 sheets per hour 4/0; 4600 
sheets per hour in EPM 
Substrate thickness 8 to 24 point 
Resolution 812 and 1219 dpi at 8 bit, 
addressability: 2438 X 2438 dpi HDI 
(High Definition Imaging) 
Substrate types All types of paperboard, including 
C1S and C2S, virgin and recycled. 
Metalized boards, synthetics, and 
microfluted top sheets 
 
Landa Nanography 
 Landa Nanography is the newest digital printing technology to enter the 
packaging market.  
Principle. Nanography is an offset inkjet printing technology. In 
Nanography, ink is ejected from inkjet heads onto a blanket and, after drying on 





ink utilized. The nanopigment particles contained in this ink are about ten times 
smaller than conventional pigment particles. By taking advantage of nanopigment 
particles, Nanography can print ink films which are less than half as thick as 
conventional films. In addition, images printed using these particles are more 
saturated than images printed using conventional inks.  
Invention. The core invention of Nanography is its ability to produce 
ultrathin, sharp edged dots of ink without the dots beading up, wicking out, or 
failing to release completely from the blanket. A hydrophobic release layer is 
used as the outside surface of the blanket to insure that the hot and sticky image 
on the blanket can be cleanly transferred to the substrate. However, because this 
layer repels the water-based nanographic ink and causes it to bead up, it hinders 
the formation of ultrathin dots. The traditional solution to this problem is to apply 
a surface treatment, but this would cause two new problems: the dots’ sharp 
edges would be lost due to wicking, and the ink would adhere to the blanket 
making it hard to transfer to the substrate. The approach Nanography uses to 
solve this problem is to add a positive charge to the blanket. Because the 
nanographic inks and the blanket itself both carry a negative charge, they will 
repel spontaneously, so a positively charged conditioning solution is applied to 
the blanket to overcome this problem. As a result, electrostatic forces prevent the 
ink from beading up. In addition, because the blanket surface uses a hydrophobic 
layer, it repels water-based nanographic inks and prevents them from wicking 





heated to approximately 150 degrees Celsius, the ink quickly dries and becomes 
a hot, sticky polymer film which adheres to the substrate. When the dots touch 
the surface of the substrate, they cool and the cohesive force holding the dots 
together increases by a factor of five or more. This enables the dots to be 
transferred intact, without leaving a residue of ink on the blanket. As a result, 
Nanography is able to print high quality images at high speed with broad 
substrate compatibility. High quality images result from the combination of sharp 
edged dots and more saturated colors due to the nano ink pigments. High speed 
and broad substrate compatibility result from the use of inks which change from 
hot sticky polymers on the blanket to solid dots on the surface of the substrate 
during dot transfer. 
Presses. The Landa S10, a B1 sheetfed press for the folding carton 
market, is currently in operation at a handful of beta customer sites. Five other 
press designs are shown on the Landa website, including the Landa W10, a web 
fed press optimized for printing flexible packaging.  Table 2 summarizes the 







 Landa Nanography Press Specification  
Performance 
Characteristic 
Landa S10  Landa W10  
Max. Width (mm) 1050 (B1 sheet) 1020 
Print Width (mm) 1016 1007 
Max. speed 6,500 SPH 100  (m/min)  
(single-sided) 
Number of colors 4 4 or 8 
Resolution 1,200 dpi with multiple 
gray levels 
1,200 dpi with multiple 
gray levels 
Substrate types Any type of off-the-
shelf carton stock: 
coated, uncoated, 
paper board, synthetic 
or specialty (colored, 
metallic) board 
stocks. 







metalized PET. Other: 
aluminum foils, paper, 
regenerated cellulose 
Note. The launch model of the Landa S10 is designed to print one side of a 
sheet in CMYK with 4 print heads (6500 SPH). Future models will be able to 
use 8 print heads which will double the max speed for CMYK (13,000 SPH) 







Kodak Stream Inkjet Technology 
 Kodak Stream Inkjet technology is well established in the commercial 
printing market, but has not yet fully entered the package printing market. 
Principle. Kodak Stream technology is a continuous inkjet printing 
technology. It uses pulses of thermal energy to break the ink stream into 
droplets. The size of the droplets is controlled by varying the time between    
thermal pulses. The droplets pass through a horizontal air flow where the small 
droplets are deflected into a gutter by the airflow and recycled, while the large 
droplets penetrate the air flow and strike the paper. Compared to traditional 
continuous inkjet printing technology, droplets formation and separation uses a 
simpler physical approach, so there is no need to create complex circuitry to 
charge droplets or to control the electrical fields guiding them.   
Invention. The core invention of Kodak Stream technology consists of 
three novel technologies: one for forming the ink droplets, one for guiding them, 
and one for collecting non-printing droplets so they can be recycled.   
The printing apparatus consists of a printhead, at least one ink supply unit, 
and a controller. Each printhead has several nozzles in it, and each nozzle is 
aligned with one heater and a pair of electrical contact pads. The droplet size is 
adjusted by controlling the delay time between two heat actuations provided by a 
controller. A longer delay time results in large droplets, while shorter delay time 





After forming a stream of different sized droplets, an air flow perpendicular 
to the direction of the stream applies a force to the droplets. The air flow 
apparatus consists of an air pressure pump, an upper plenum, a lower plenum, 
and a vacuum pump. Pressurized air from the first pump enters the upper 
plenum and generates a laminar gas flow across the path of the droplets. The air 
flow then enters the lower plenum where a vacuum pump connected to the lower 
plenum provides a sink for the air flow. The width of this air flow is usually less 
than or equal to the distance required for drop formation. Droplets are influenced 
by this flow based on their mass and momentum, smaller droplets with less mass 
and momentum will be deflected until they strike the ink collection unit, while 
larger droplets will be less affected and will strike the print media. 
When small ink droplets arrive at the ink collection unit, they strike a 
porous element and penetrate into the recesses of this material by capillary 
force. An ink recovery conduit is connected with the back side of this porous 
element, and another vacuum conduit creates a reduced pressure which is just 
sufficient to draw in recovered ink without causing significant air flow through 
porous element. The conduit terminates in a recovery reservoir which collects the 
recycled ink for subsequent reuse. In the reservoir an open-cell sponge or foam 
prevents ink sloshing when the printhead is rapidly moving. Finally, the gas 
pressure near ink gutter is adjusted to be higher than the ambient air pressure 
near the print drum so that environmental dust and paper fibers are prevented 





Presses.  Two generations of Kodak Stream color presses are offered: 
5000XLi and 6000c, with the 6000c being the latest model. 
Table 3. 







Image Width Up to 24.5” 
(62.2 cm) 
Up to 24.45 
(62.1 cm) 
Max. speed Up to 650 fpm Up to 1,000 fpm 
Resolution Up to 175 lpi Approaching 200 lpi at 
650 fpm; 133lpi at 1,000 
fpm 
Substrate types Uncoated free sheet, 
matte coated papers 
Uncoated free sheet 
groundwood and matte, 
glossy and silk coated 
papers 
Roll width 13  - 25.5” 
 (33.0 x 64.8 cm) 
8 - 25.5 inches  
(20.3 – 64.8 cm) 
Ink Kodak's aqueous 
pigmented process color 
inks 
Kodak’s aqueous 














Based on the foregoing discussion, the researcher’s efforts will be directed 
toward addressing the following objective： 
Determining which package market segments are most suited to adopt 
next generation digital printing technology in the near future. 
 
Limitations 
 Time and resources limit all research efforts, the present research is no 
exception. Limitations here include: 
1. Sample frame. The samples may not represent the majority view or 
real perspective of the industry. 
2. The instrument. The questionnaire may be misinterpreted and as a 
result, answers may not address the intended questions. 
3. Information accuracy or reliability. The participants may not give us 
complete or even correct information due to reasons such as a desire 










The research methodology can be divided into two parts: identifying 
market segments that are potentially suited for digital printing, and validating the 
results of this effort by interviewing industry professionals.  
The flowchart shown in Figure 2 presents the methodology which was 
used in this research. As this flowchart shows, the methodology was 













Figure 2. Research Methodology – Overview Flowchart  
Step 1. Characterize Package Market Segments 
Step 2. Analyze Functional Printing Requirements 
versus the Capabilities of Digital Printing 
Technologies 
Step 3. Build Cost Models 
Step4. Identify the Most Suitable Market Segments for 
Digital Printing 
Step5. Conduct In-Depth Interviews to Validate 
Results 





Step 1. Characterize Package Market Segments 
Package market segments were characterized by following the steps 




Figure 3. Research Methodology – Step 1 Characterize Market Segments 
Step 1.1 Identify Package Market Segments 
The researcher created a list of package market segments based on the 
segments identified in the Literature Review.   
Step 1.2 Assess the Potential of Each Segment 
The researcher characterized the need for short lead times and short run 
lengths by segment and secondary packaging format (e.g., multiwall bags). The 
researcher next created a series of tables which summarized the results of this 
assessment and determined which secondary packaging formats would be 
included in the scope of the research.  For those formats which were included in 
the scope of the research, the researcher further identified the applications which 
would be the focus for further analysis.  
 
  
Identify Package Market Segments 





Step 2. Analyze Functional Printing Requirements versus the Capabilities 
of Digital Printing Technologies 
For the packaging formats and applications included in the scope of the 
study (target market segments), the researcher analyzed functional printing 
requirements versus next generation digital printing capabilities by following the 





Figure 4. Research Methodology – Step 2 Analyze Requirements vs Capabilities 
 
Step 2.1 Determine Functional Printing Requirements for the Target Market 
Segment 
For each target market segment, the researcher determined the 
functionality required to participate in the segment based on the functionality 
provided by the conventional and digital printing presses serving the segment in 
question.  
Step 2.2 Assess the Ability of Digital Printing Presses to Meet the Requirements 
Next, the researcher compared the capabilities of next generation digital 
presses to functional requirements. Presses which are unable to satisfy the 
functional requirements of the segment under study were eliminated from further 
consideration for this segment.  
Determine Functional Printing Requirements for the 
Target Market Segments 






Step 3. Build Cost Models 
 Cost models for flexible packaging and folding carton printing were built 






Figure 5. Research Methodology – Step 3 Build Cost Model 
 
Step 3.1 Identify Cost Factors and Build A Cost Model 
The researcher identified relevant cost factors from the literature and 
course work. An overhead model and a cost model were built to compare the 
cost of printing a job conventionally to the cost of printing the same job digitally. 
Step 3.2 Acquire Cost Data for Digital and Conventional Printing 
The researcher acquired data from Internet research and data from 
industry professionals. 
Step 3.3 Validate Model 
The researcher validated the cost comparison model by 1) documenting 
and checking the calculations used in the model, 2) comparing model results to 
manufacturer claims, and 3) cross checking results versus previously developed 
models.  
Identify Cost Factors and Build A Cost Model 






Step 4. Identify the Most Suitable Market Segments for Digital Printing 
The steps used to assess the technological suitability of package market 






Figure 6. Research Methodology – Step 4 Identify Suitable Segments 
 
Step 4.1 Assess Need for Short Run Printing  
To assess the need for short run printing, the researcher examined the 
overall size of the market, the distribution of company sizes in the market, and 
zoomed in to investigate the business opportunity for a typical small company. 
Step 4.2 Assess Need for Short Leadtime and Customized Printing 
In order to assess the need for short leadtime printing and customization, 
the researcher conducted an evaluation of pertinent products on the shelves of 
three Rochester area grocery retailers, namely, Walmart, Wegmans, and 
PriceRite. The results of these in-store surveys produced data which was 
relevant to determining the need for these capabilities.  
 
 
Assess Need for Short Run Printing 
Assess Need for Short Leadtime and Customized Printing  





Step 4.3 Assess Crossover Run Length 
The research calculated the crossover run length between digital and 
conventional press for the target market segment and assessed the cost benefits 
of digital printing in the target segment. 
 
Step 5. Conduct In-Depth Interviews to Validate Results  










Figure 7. Research Methodology – Step 5 Conduct In-Depth Interviews 
Step 5.1 Select Participants 
The researcher selected and enrolled four interview participants. The 
participants were a purposive sample of package printing industry professionals 
familiar with the market segments identified in Step 4. 
 
Select Participants 
Develop the Interview Questionnaire 
Review Questionnaire With Internal Experts 






Step 5.2 Develop the Interview Questionnaire 
The researcher developed a questionnaire to elicit feedback from industry 
professionals pertaining to the researcher’s assumptions and results. 
Step 5.3 Review Questionnaire with Internal Experts  
Once the questionnaire has been developed it was reviewed with internal 
experts, including members of the thesis committee, to assess its face validity 
and the completeness of its content.  
Step 5.4 Pilot Test Questionnaire 
Before the questionnaire was used to validate research results with 
industry experts, it was piloted with selected industry professional and 
academicians.  
Step 5.5 Conduct Interviews  
The researcher presented the preliminary results of the researcher’s 
assessment of target market segments to motivate packaging professionals to 
share their experiences and knowledge. These research results include the 
opportunity to improve short run economics in folding carton, and the opportunity 
to enhance promotional packaging. 
The interviews were conducted by Skype and conference call. The 
researcher built an interview data collection sheet to record information given by 







Step 6. Refine Results and Conclusions 
The steps used to refine the researcher’s results and conclusions are 




Figure 8. Research Methodology – Step 6. Refine Assessment 
 
Step 6.1 Analyze Interview Results  
The researcher analyzed the individual interview results to identify those 
areas where industry experts either supported or disagreed with the conclusions 
of the research presented to them.  
Step 6.2 Refine and Finalize Research Conclusions 
 
Where possible, the researcher validated the input provided by industry 
experts by returning to the literature. The researcher then modified the 
conclusions of his research to reflect the real world input of industry experts as 
validated by the broader perspective found in the literature.    
Analyze Interview Results 







The methodology described in Chapter 4 was implemented during the 
period between October, 2014 and April, 2015. This chapter summarizes the 
results of this research.  
 
Presentation and Discussion of the Data 
 The data collected in the process of characterizing markets, assessing 
digital printing capabilities, and evaluating the economic feasibility of next 
generation digital printing technologies is presented and discussed below.  
Characterization of Package Market Segments 
Package market segments were screened to identify the segments with 
the highest potential to adopt digital printing. Tables 4 through 8 summarize the 
results of this assessment. Based on the result of this analysis, folding cartons 






Table 4.  
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As Table 4 shows, single wall bags and pouches are good candidates for 





a large number of short run packages which are expensive to produce using 
conventional technology. 
Table 5.  
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As Table 5 shows, labels are not suited for penetration by next generation 
digital presses. The needs of cut and stack labels, pressure sensitive labels, 
shrink sleeves, and tags are satisfied by current printing technologies; digital 
printing is poorly suited to meet the needs of in-mold labels.  
Table 6. 
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As Table 6 shows, corrugated packaging is not suited for penetration by 
next generation digital presses. Direct printed corrugated is usually low value 
packaging which requires mature technologies to meet demanding cost targets. 
Preprinted liner boxes are not suitable for digital because they are long run only. 
The needs of litho laminated boxes can be satisfied by current sheetfed offset 
technology. 
Table 7.  



























runs; lots of 
promotional 
cartons. Carton 
























As Table 7 shows, sanitary cartons are not well suited for digital printing 
because these cartons must be extrusion coated to hold liquids and the extrusion 
coating process is challenging for digitally printed images. However, other folding 
cartons are good candidates for next generation digital printing due to the fact 
that many short runs and promotions are found in this segment and its paperlike 
substrate is suitable for digital printing. 
Table 8. 
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As Table 8 shows, other packaging formats are not suitable for immediate 
adoption of next generation digital printing. Ice cream and dairy cups may have a 
good business case but this is a relatively small market. Next generation digital 
technologies are not currently capable of printing on substrates like metal cans 
and directly printed bottles. The needs of collapsible tubes can be satisfied using 
current digital printing technologies and are not, therefore, considered to be 






Functional Printing Requirements versus Digital Printing Capabilities 
 The researcher selected two next generation digital printing technologies 
and analyzed them to determine if they could satisfy the functional printing 
requirements for flexible packaging and folding carton printing. Landa 
Nanography and Kodak Stream Inkjet were the technologies selected for 
assessment.  
 Landa Nanography. Landa Nanography is an offset inkjet printing 
technology which is capable of printing ultrathin, sharp edged dots on a wide 
variety of substrates. In flexible packaging, the Landa W10 press is Landa’s 
candidate for this market. However, the speed of Landa W10 is 100 meters per 
minute, which doesn’t adequately meet the requirement for high output in flexible 
packaging.  As a result, the Landa W10 was excluded from the researcher’s 
analysis of the flexible packaging market segment. On the other hand, Landa 
technology is being offered for the folding carton market in the form of the Landa 
S10 sheetfed press.  This press is currently operating at a limited number of beta 
sites and is fully capable of meeting the functional requirements of the folding 
carton market.  Thus, the Landa S10 was selected as the primary next 
generation press for analysis in the folding carton market. When the researcher 
investigated the folding carton market segment in greater depth, he found that 
the HP Indigo 30000 digital press was beginning to penetrate this market 





known to satisfy the functional requirements of folding carton printing, in this 
research. 
 Kodak Stream. Kodak Stream technology is a continuous inkjet 
technology which uses a novel physical approach to form and control inkjet 
droplets. Currently, Kodak Stream presses are exclusively web fed and are, 
therefore, unsuited for the sheetfed folding carton market. As a result, Kodak 
Stream technology was excluded from the folding carton assessment. On the 
other hand, a web inkjet press is ideally suited for use in the flexible packaging 
market. Nevertheless, Kodak’s current stream presses do not fully meet the 
needs of this market, so the research did not model a stream press in the flexible 
packaging assessment. Instead, the researcher modeled a hypothetical next 
generation inkjet press with the ability to print the full range of packaging 
substrates at 200 m/min. This hypothetical press would be fully capable of 
meeting the functional requirements of the flexible packaging market.  
Cost Models  
In order to investigate the economic feasibility of introducing next 
generation digital presses to print flexible packaging and folding cartons, the 
researcher created cost models for (1) printing potato chip bags using 
flexographic and inkjet technologies, and (2) printing folding cartons using 
sheetfed offset, HP Indigo 30000, and Landa S10 Nanographic technologies. 





shown in Appendix B. The resulting flexible packaging cost model is shown in 
Appendix D and the resulting folding carton cost model is shown in Appendix E.  
Identify Most Suitable Segments – Detailed Assessment of Flexible Packaging 
The first market segment chosen for in-depth analysis was flexible 
packaging. Specifically, further analysis was conducted to determine the need for 
short run printing, short leadtime printing, and customization in this market 
segment.  
Need For Short Run Printing. According to Armon (2008), the size of the 
U.S. potato chip market was approximately $6.3 billion in 2008. There are 
approximately 92 plants producing potato chips nationwide as estimated by the 
U.S. Department of Agriculture. The researcher calculated that the average plant 
sells approximately 68 million dollars of product per year. According to “sales of 
the leading ten potato chip brands” (2015), Frito-Lay, a division of PepsiCo, owns 
five of the leading ten potato chip brands with an approximate sales volume of 
$2.9 billion in 2013. Armon (2008) also claimed that Frito-Lay has a network of 
32 plants. The researcher calculated the average sales of the remaining smaller 
plants to be approximately 35 million dollars per year. Because this small amount 
of revenue is spread over a variety of products, many products produced by 
these companies have low volumes, and this creates a substantial opportunity for 
digital printing. Based on this conclusion, the researcher decided to take the 






 Ballreich's (http://www.ballreich.com) is a potato chip company in Tiffin, 
Ohio. Ballreich’s sells eight varieties of potato chips packaged in 26 stock 
keeping units (SKUs), all of which are bag structures. According to Ballreich's 
business profile on the Marketmarker business analysis website, Ballreich's has 
an annual sales volume of between five million to ten million dollars in 2010. The 
researcher applied the 80/20 rule and assumed that the top 20 percent of its 
potato chip varieties accounted for 80 percent of the sales. Therefore, the bottom 
six varieties account for approximately $2 million of sales. According to 
Ballreich’s website, the bottom six varieties are sold in 14 SKUs. Thus, average 
sales per low volume SKU is approximately $140,000/yr. According to the 
Ballreich’s website, the retail price of a ten pack of seven ounce potato chips is 
$25.00, so the researcher assumed that the average price of a package of 
Ballreich’s potato chips is approximately $2.50. According to the Chief of 
Commercial Services Program (email communication, January 29, 2014), the 
markup percentage of salty snacks is 62 percent. The researcher then calculated 
the approximate wholesale price of one package to be $1.50. Based on this 
wholesale price, the researcher calculated that the volume of an average low 
volume product is approximately 95,000 bags per year. The researcher 
measured a similar seven ounce potato chip bag and found it to be 300 square 
inches. According to a search of “Used eight color CI flexo presses machines” in 
the MachinePoint used machinery website, ten year old flexo presses, the type 





1,400 mm in width and have a typical speed of approximately 230 meters per 
minute.  Such a press would be able to print approximately 1,500 bags per 
minute. Therefore, a 30 day order for 8,000 bags (less that a seven minute run) 
is much too small for a conventional flexo press to print with good economics, but 
may be a good candidate for a next generation digital press.  
Need For Short Leadtime and Customization. The researcher found few 
on-package promotions in flexible packaging during his in-store surveys. Thus, 
this format is a poor initial candidate for extending on-package promotional 
concepts to the types of campaigns which might be enabled by next generation 
digital printing technologies. 
 Economic Assessment – Flexible Packaging. Since short run printing was 
identified as a flexible packaging need, an economic assessment was conducted 
to determine the crossover run length for a hypothetical next generation flexible 
packaging press with the performance characteristics discussed previously. 
 Market Assumptions. The target market for economic analysis 
consists of flexible packaging jobs which are too short to be run economically 
using conventional flexo technology. The researcher’s analysis of the short run 
opportunity in flexible packaging was the basis for developing the assumptions 
used in the model. The package being modeled is a regular size potato chip bag 
of the type marketed by Ballreich's. The size of this bag is approximately 300 
square inches (0.19 square meter). A 30 day order of a low volume product is 





conventional flexo press, a 1,550 square meter job takes less than seven 
minutes to run. As a result, converters produce multiple months of supply during 
a single run and accept the cost of holding inventory. For example, a six month 
supply of Ballreich's potato chip bags would take approximately 40 minutes to run 
on a conventional flexo press, which is a typical short run in flexible packaging. 
Because bag inventory can be held in roll stock form, the volume and cost of 
holding this amount of inventory is low enough to be acceptable to converters 
and their customers.  
 Performance Assumptions. As mentioned previously, the target 
digital technology in this instance is a hypothetical next generation inkjet press. 
The researcher conservatively assumed a speed of 200 meters/minute for such a 
press should it be developed in the future. Such a press would meet the need for 
high output in flexible packaging. Thus, a hypothetical press optimized for flexible 
packaging was chosen as the next generation digital press technology for the 
researcher’s cost model.  
Based on input from an industry expert, the researcher made 
several assumptions about the flexo press. The operating waste was assumed to 
be two percent, and the operating downtime was assumed to be 7.5 percent, 
which are typical of flexible packaging production. The changeover time 
consisted of plate changeover time and color matching time.   
Input from a digital press expert was used by the researcher to 





be 1.5 percent during production. Operating downtime was assumed to be ten 
percent, which covers the time required to clean and occasionally troubleshoot 
the press. Total changeover time is 20 minutes, which covers the time required to 
change stock and color calibrate the press between jobs. Material cost is 
assumed to be $0.055/m2 for uncoated OPP film, and ink cost is assumed to be 
$0.22/m2 based on the cost and usage of inkjet inks. The total overhead cost is 
$482/hour. 
 Crossover Calculation. The assumptions discussed above were 
loaded into the cost model shown in Appendix D and the researcher varied run 
length to find the cost crossover point for a next generation inkjet press optimized 
for flexible packaging. The result shows that when the run length is 
approximately 8,500 meters, the flexo cost and the digital cost, $0.346/m² and 
$0.350/m² respectively, are approximately equal. This crossover point 
corresponds to 37 minute run on a 230 meter/minute flexo press, which is 
believed to be too short to capture significant volumes of flexible packaging 
printing.  As a result, the researcher did not conduct interviews to validate the 






Identify Most Suitable Segments – Detailed Assessment of Folding Cartons 
The folding carton market segment was also chosen for in-depth analysis. 
Specifically, further analysis was conducted to determine the need for short run 
printing, short leadtime printing, and customization in this market segment. 
Need For Short Run Printing. According to Research and Markets (as 
cited in The Gale Group, Inc., 2015), the size of the U.S. cookie and cracker 
industry was about 10 billion dollars in 2010. Approximately 300 companies 
engaged in this industry in the early 2010s, and the top 50 companies accounted 
for 90 percent of the total revenue. Therefore the other approximately 250 
companies accounted for ten percent of total revenue, which means that the 
average revenue for this kind of company is around four million dollars. Because 
this small amount of revenue is spread over a variety of products, many products 
produced by these companies have low volumes, which creates a substantial 
opportunity for digital printing. Based on this conclusion, the researcher decided 
to take the research to the next level and research a typical low volume cracker 
company. 
 Westminster Crackers (http://www.westminstercrackers.com) is a cracker 
company in Rutland, VT. There are 106 different Westminster SKUs; 40 of them 
are packaged in box structures. According to Schmidt (2008), Westminster 
Crackers sales exceeded 13 million dollars in 2007. The researcher applied the 
80/20 rule and assumed that top 20 percent of the SKUs accounted for 80 





approximately 2.6 million dollars in sales. Thus, average sales per low volume 
SKU is approximately 30 thousand dollars. According to Grafton Village Cheese 
Shop, the retail price of a Westminster Bakers Hearty Square Crackers is four 
dollars. According to the Chief of Commercial Services Program (email 
communication, Jan 29, 2014), the markup percentage of salty snacks is 62 
percent. So the researcher calculated the approximate wholesale price of one 
package to be 2.5 dollars. Based on this unit cost estimate, the researcher 
calculated that the volume of an average low volume product is approximately 
12,000 boxes per year. According to the Westminster Crackers website, the 
dimensions of a box of Hearty Squares are 17.2 inches by 12.1 inches by nine 
inches. In the worst case, if only one box fits on a sheet, Westminster Crackers 
needs to print approximately 1,000 sheets per month. According to “KBA Rapida 
145” (2013), the speed of its sheetfed offset press is more than 13,000 sheets 
per hour. Therefore, the average order (a five minute run) is too small for 
sheetfed offset presses to print with good economics, but may be a good 
candidate for a next generation digital press.  
In addition, a large folding carton converter provided the researcher with a 
















Figure 9. Run length distribution for B1 sheetfed presses at a large folding carton 
converter.  
Need For Short Leadtime and Customization. The obvious package 
printing opportunity that calls for both short leadtimes and customization is the 
use of packaging to implement targeted localized marketing campaigns. Such 
campaigns are a special class of promotions, so the researcher surveyed three 
retail channels, Walmart, Wegmans, and PriceRite, to determine the extent to 
which folding cartons are currently being used as part of promotional campaigns. 
Tables 8, 9, and 10 show the results of this research by retail channel.  
In these tables, results are categorized by type of promotion:  
 Extra product (Extra Prod): an enlarged promotional package offering  
added product, typically at the same price as a normal package. 
 Discounts and contests (Discount): coupons or instructions for 
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 Co-branding promotion: an agreement between the brand owner and 
a third party to print the third party’s brand images on its packaging for 
a limited period of time (e.g., a Superbowl promotion). 
 Co-branding licensing: an agreement between the brand owner and a 
third party to license the third party’s brand images for an extended 
period of time, typically to create a product line extension (e.g., Angry 
Birds Crackers). 
 Seasonal product (Seasonal): a promotion that is only held during a 
specific period of time, for example a Christmas holiday promotion. 
 
Table 9.  
Promotion Assessment for Folding Cartons in Walmart 
 Type Of Promotion 




Crackers 0.0% 3.8%  5.6% 2.0% 11.4% 
Cookies    7.5%  7.5% 
Candy      0% 
Cereal 0.4% 0.4%  9.5%  10.2% 
Yogurt 9.5%   14.3%  23.8% 
Soft Drink   8.3%  6.5% 14.9% 
Dental 
Hygiene 
10.1%     10.1% 







Table 10.  
Promotion Assessment for Folding Cartons in Wegmans 
 Type Of Promotion 




Crackers  2.0%  0.7% 0.6% 3.2% 
Cookies      0% 
Candy     45.5% 45.5% 
Cereal    4.0%  4.0% 
Yogurt 7.1%   10%  17.1% 
Soft Drink   9.2%  2.8% 11.9% 
Dental 
Hygiene 
5%     5% 
Detergent 33.3% 33.3%    66.7% 
 
 
Table 11.  
Promotion Assessment for Folding Cartons in PriceRite 
 Type Of Promotion 
Package 
Format 




Crackers   0.7%   0.7% 
Cookies      0% 
Candy     45.5% 45.5% 
Fruit 
rolls  
  70%  70% 
Cereal   4.3% 19%  23.3% 
Yogurt 11.1%   16.7%  27.8% 
Soft 
Drink   
17.3%   17.3% 
Dental 
Hygiene 





Economic assessment - folding carton. Since short run printing was 
identified as a folding carton need, an economic assessment was conducted to 
determine the crossover run length for a next generation folding carton press. 
Market Assumptions. The target market for economic analysis consists of 
folding carton jobs which are too short to be run economically using conventional 
sheetfed offset technology. The run length distribution shown in Figure 9 was the 
basis for developing the assumptions used in this model. Based on this data and 
the production speed of a B1 litho press, jobs less than 12,000 B1 sheets 
constitute short runs. To penetrate a meaningful portion of the market, a next 
generation digital press must be able to economically print jobs in this range of 
run lengths with the commercial viability of the digital press increasing as the 
crossover run length approaches 12,000 B1 sheets.  
Performance Assumptions. As mentioned previously, the target digital 
technology is Landa Nanography. When the researcher examined the folding 
carton market, he found the HP Indigo 30000 press has already been adopted by 
some folding carton converters. Thus, the HP 30000 was added to the analysis 
as a second incumbent technology (in addition to B1 litho technology).  
A folding carton supplier collaborated with the researcher in estimating the 
performance of a B1 litho press. Based on the supplier’s experience, the 
researcher made several assumptions about the sheetfed offset press. The 
operating waste was assumed to be 2 percent and the operating downtime was 





operator absences). The changeover time consisted of plate changeover time 
and color matching time.   
Based the experience of a digital press supplier who collaborated with the 
researcher, the researcher also made several assumptions about the Landa S10 
and HP Indigo 30000.  
The operating waste of the Landa S10 was assumed to be 0.5 percent 
during production. Operating downtime was assumed to be 20 percent, which 
covers the time required to clean and troubleshoot this new technology press. 
Total changeover time was 20 minutes, which covers the time required to change 
stocks and color calibrate the press between jobs. Material cost was assumed to 
be $0.42/m2 for SBS board, and ink cost was assumed to be $0.19/m2 based on 
the cost of inkjet ink and the ultrathin ink film thickness associated with Landa 
Nanography.  The total overhead cost was $420/hour. 
The operating waste of HP Indigo 30000 was assumed to be two percent 
during production. Operating downtime was assumed to be ten percent in the 
best case (and 40 percent in the worst case), which covers the time required to 
clean and troubleshoot the press. Total changeover time is 20 minutes, which 
covers the time required to change stocks and color calibrate the press between 
jobs. Material cost is assumed to be $0.42/m2 for SBS board, and click charges 
(which include ink cost) are assumed to range between $0.202/m2 and $0.455/m2 






Crossover Calculation. After the assumptions discussed above were 
loaded into the cost model shown in Appendix E, the researcher varied run 
lengths to find the cost crossover run length for the Landa S10 and HP 30000.  
For the Landa S10, a run length of approximately 6,000 sheets results in 
sheetfed offset and digital costs of $0.81/m² for both technologies. In the longer 
term, the price of NanoInk for the Landa S10 should decrease with experience.  If 
ink price could be reduced by half as a result, from $0.19/m2 to $0.095/m2, the 
crossover run length would be increased to 10,000 sheets. If, in addition, the 
volume of digitally printed cartons increased sufficiently to fill two press shifts/day 
(versus one shift/day in the previously discussed cases), the crossover run length 
would further increase to 15,000 sheets. 
Because HP uses a click charge billing model, the crossover run length for 
an HP 30000 depends on the numbers of colors being printed (or, equivalently, 
the number of clicks being used per sheet). HP Indigo 30000 offers operators the 
option of sacrificing color gamut and gray level to enhance the productivity by 
printing with only three colors (cyan, magenta, and yellow). On the other hand, it 
can print as many as seven colors (e.g., cyan, magenta, yellow, black, orange, 
green, and one spot color). In addition, estimates of operating downtime range 
from 10 percent to 40 percent depending on assumed technology maturity and 
how the press is maintained. The researcher modeled eight combinations of 
clicks/sheet and operating uptime. The resulting crossover run lengths are 





Table 12.  
HP Indigo 30000 Crossover Run Length 
  Color Condition Crossover Run Length in B1 Sheets 
(low uptime – high uptime) 
CMY  3,200 – 4,200 
CMYK 2,500 – 3,400 
CMYKOG 1,600 – 2,100 




The researcher conducted interviews with industry professionals to 
validate the research findings discussed above. The interviews were conducted 
during the period between April 9th, 2015 and April 15th, 2015. The interview 
subjects constituted a purposive sample which included one digital press supplier 
and three folding carton suppliers ranging from a large international folding 
carton corporation to a regional folding carton converter specializing in the supply 
of premium cartons.  
Results: run length distribution. The largest company had a variety of 
folding carton products and presses. On its small format (B1 size) presses, 2% of 
the total jobs were under 2,000 sheets and 40% of the total jobs were under 
12,000 sheets. The medium size company mainly focused on health care, health 





Approximately 10% to 15% of their jobs were below 2,000 B1 sheets, 20% to 25% 
were between 2,000 B1 sheets and 6,000 B1 sheets, and 30% were between 
6,000 B1 sheets and 12,000 B1 sheets. The regional company mainly focused 
on cosmetics and personal care products; 10% of their jobs were under 2,000 B1 
sheets, 5 to 10% were between 2,000 B1 sheets and 6,000 B1 sheets, and 15% 
to 20% were between 6,000 B1 sheets and 12,000 B1 sheets.  
Results: economic run quantities. The regional company said that running 
jobs of less than 4,000 sheets was only done to maintain business and was 
absolutely not done for economic reasons. If the run length reaches 5,000 sheets 
it may turn a profit.  The largest company told the researcher when a job was 
under 5,000 sheets, they either used B2 DI presses internally, or they outsourced 
the job to companies that specialize short run printing. The medium size 
company declined to provide data concerning manufacturing economics.  
Results: overhead cost and staffing assumptions. All four companies 
concurred with our overhead cost and staffing assumptions and thought they 
were reasonable. 
Results: overhead allocation assumptions. Two folding carton suppliers 
and the digital press supplier used similar cost model, and agreed with the 
researcher’s allocation assumptions. The other folding carton supplier used a 
different costing model, but was familiar with the scheme used in the 






Results: sheetfed offset assumptions. All three folding carton converters 
agreed with the ink price used in the researcher’s model. The price used by the 
researcher was, however, 50% higher than the ink price used by the digital press 
supplier. All three folding carton suppliers estimated that the operating downtime 
including downtime lost for staffing issues was between 12.5% and 15%. The 
remaining sheetfed offset assumptions were endorsed by all four companies. 
Results: promotional packaging opportunity. Two folding carton suppliers 
mentioned that the real challenge for promotional packaging is the distribution 
chain. In particular, the challenge of getting localized packages of branded goods 
to specific retail outlets through a distribution chain which is optimized for volume 
distribution of identical goods is viewed to be almost insurmountable. One 
company mentioned that folding carton suppliers are not very successful in 
selling value added packaging to their customers, so selling expensive localized 
promotions may prove challenging for the industry. On the other hand, the third 
folding carton supplier mentioned that 15% to 20% of its revenue comes from 
promotional packaging, and that its largest customers were discussing the 
opportunity to localize promotions directly with next generation digital press 
suppliers. 
Results: interest in next generation digital printing for folding cartons. All 
three folding carton suppliers showed significant interest in investing in next 
generation digital technology. One company had already purchase an HP Indigo 





Another company mentioned they expect to purchase between one and three 
digital presses in the next five years. This company believes that having the 
ability to customize cartons will lead to core business growth. The third company 
has a close relationship with a next generation digital press supplier and believes 
that having a next generation digital press is a must. Overall, the outlook for 
folding carton converters to adopt next generation digital technology is strongly 
positive.    
In summary, the validation interviews strongly endorsed the overhead 
staffing, press performance, and cost assumptions used to model the economics 
of folding carton production. This finding increased the researcher’s confidence in 
the validity of the cost model used in the present research. Equally, the 
companies interviewed all felt that jobs became uneconomic to run on B1 
presses when run lengths dropped to 4,000 or 5,000 B1 sheets. In terms of run 
length distribution, the companies interviewed all stated that a significant portion 
(30 to 70 percent) of their B1 press business consisted of jobs with run lengths 
below 12,000 B1 sheets. Shorter run lengths were significant for specialty folding 
carton suppliers, but much less so for suppliers participating in the broad folding 
carton market. Finally, the companies interviewed were divided in their 
assessment of the opportunity presented by localized promotions. At one 
extreme, the problems associated with package distribution and value recovery 





were said to be discussing ways to implement localized promotion with next 






Summary and Conclusions 
Summary 
Based on the results of characterizing the package market segments, 
flexible packaging and folding cartons were chosen for more in-depth analysis. 
The researcher chose Kodak Stream technology for flexible packaging and 
Landa Nanography for folding cartons as the next generation digital technologies 
for analysis. For flexible packaging, Kodak does not currently offer the press with 
the required capabilities, so the researcher modeled the performance of a 
hypothetical next generation inkjet press with speed and other performance 
characteristics optimized for flexible packaging.  
Folding Carton Results 
Besides Landa Nanography, the researcher found that the HP Indigo 
30000 was already beginning to penetrate this market, so he included the HP 
30000 in the analysis. The researcher modeled a folding carton plant with four 
sheetfed offset presses, one next generation digital press, two sheeters, five die 
cutters, and five finishing units. Then he compared a typical sheetfed offset press 
with the Landa S10 and the HP Indigo 30000. A standard time and material job 
costing model was used to calculate the crossover run lengths for these 
technologies. The operating waste of these three presses was assumed to be 





were assumed to be 12.5 percent, 20 percent, and between ten percent and 40 
percent. Material cost was assumed to be the same for all three presses, which 
was $0.42/m2 for solid bleached sulphate (SBS) sheet. The ink price of sheetfed 
offset and Landa S10 were assumed to be $0.012/m2 and $0.19/m2 respectively. 
The ink cost for HP Indigo 30000 was included in the click charge, which was 
$0.457/m2 for seven color printing. After calculation, the crossover run length for 
the currently available Landa S10 is approximately 6,000 B1 sheets, and the long 
term potential of the Landa S10 could reasonably exceed 12,000 B1 sheets. The 
current crossover run length of HP Indigo 30000 ranges between 950 B1 sheets 
and 4,200 B1 sheets depending on the numbers of colors used to print the job 
and the uptime assumed for the press. The crossover run length when using six 
colors and printing an extended gamut which is generally acceptable for folding 
cartons was approximately 2,000 B1 sheets. 
Based on the researcher’s in store survey of promotional packaging, on-
package promotions are widely used by cereal, dental care, cracker, and soft 
drink manufacturers. The number of SKUs in each of these categories exceeded 
90, and promotional packages accounted for approximately ten percent of the 
shelf space occupied by folding cartons. However, current on-package 
promotions are designed for conventional package printing technologies, and do 
not require next generation digital printing technologies. Nevertheless, because 
brand owners are accustomed to using promotional folding cartons as part of 





carton advertising that require digital printing to implement. The most obvious 
new promotional package opportunity that calls for digital printing is the use of 
the packaging to implement targeted localized marketing campaigns.  
Folding Carton Interview Validation 
According to interviews with three folding carton converters, jobs less than 
2,000 B1 sheets are typically uneconomic to produce and account for 
approximately ten percent of a specialty converter’s business. Jobs approaching 
5,000 B1 sheets typically have little or no profitability and account for 
approximately 20 to 30 percent of a specialty converter’s business. Finally, jobs 
less than 12,000 B1 sheets include all jobs which are poor fits for printing on 
conventional presses. These jobs account for approximately 30 to 70 percent of 
all three converters’ businesses.  
Different folding carton converters held opposing views concerning the 
viability of introducing localized marketing campaigns. One converter thought that 
selling localized promotions may prove challenging for the industry because 
today’s supply chains are optimized for volume movement of undifferentiated 
goods which is the opposite of packages targeted to specific markets for 
localized promotions. Another converter noted that targeted campaigns would be 
expensive to implement and folding carton converters have encountered 
difficulties in recovering the value of costly packages. On the other hand, yet 
another converter claimed that a significant amount of his jobs were promotional 





suppliers directly to discuss the opportunity for localized promotions and 
regionalized packaging. 
Flexible Packaging Results 
The researcher modeled a flexible packaging plant with three flexo 
presses, one next generation digital press, three laminators, and eight slitters. He 
then compared a typical flexo press with the hypothetical next generation inkjet 
press. A standard time and material job costing model was used to calculate the 
crossover run length. The operating waste of the flexo and next generation 
presses were assumed to be two percent, 1.5 percent respectively. The 
operating downtimes were assumed to be 1.5 percent and ten percent 
respectively. The material cost was assumed to be the same for both presses, 
which was $0.055/m2 for clear OPP film. The ink price of flexo press and inkjet 
inks were assumed to be $0.064/m2 and $0.22/m2 respectively. After calculation, 
the crossover run length of the hypothetical next generation inkjet press was 
approximately 8,500 meters. This crossover point corresponds to a 37 minute run 
on a 230m/min flexo press, which is believed to be too short to capture significant 
volumes of flexible packaging printing.  As a result, the researcher did not 









 Definitive conclusions were developed when the data was sufficient to 
support them. On the other hand, where research results were inadequate to 
support definitive conclusions, they often suggested topics for future research. 
Analysis and Interpretation of the Data 
The goal of the present research was to identify which package market 
segments are best suited to adopt next generation digital printing technology in 
the near future. Based on the results of this research, the researcher concluded 
that the folding carton market is the best candidate for adoption of next 
generation digital press technology in the near future. The folding carton market 
was identified as the most suitable candidate because a currently available next 
generation digital press meets the requirements of the folding carton market with 
a crossover run length that creates a substantial opportunity for digital 
penetration. The researcher also concluded that flexible packaging is a possible 
candidate for penetration by next generation digital presses. However, there is no 
currently available digital press suitable for flexible packaging. When the 
researcher created a hypothetical next generation inkjet press, the crossover run 
length was too short to create a significant opportunity for digital penetration.  
Folding Carton Market. The HP Indigo 30000 and Landa S10 meet the 
requirements of folding carton market. The HP Indigo 30000 and Landa S10 are 





lengths discussed above and the interview results concerning economic run 
quantities, the addressable market for next generation digital printing in folding 
cartons is large and compelling. The HP Indigo 30000 is able to solve the 
problem of printing jobs with run lengths less than 2,000 B1 sheets. The Landa 
S10 is currently capable of solving the problem for jobs with run lengths less than 
5,000 B1 sheets. Finally, as digitally printed volumes increase, resulting in higher 
utilization and a potential reduction in ink price, the S10 to could reasonably be 
expected to solve the problem of printing jobs with run lengths less than 12,000 
B1 sheets.  
Flexible Packaging Market. In flexible packaging, there is a real need for 
digital printing technology, however, the current state of digital printing 
technology dictates that widespread adoption is unlikely. Even when the 
researcher built cost models based on a hypothetical next generation inkjet press 
with a speed of 200 m/min, the crossover run length was still too low to take a 
significant share of the market when the ink price was assumed to be $0.22/m².  
Agenda for Further Research 
Because the time available to conduct thesis research is limited, the 
researcher was only able to analyze flexible packaging and folding cartons in-
depth. Other packaging market applications, for example, ice cream, dairy cups, 
and direct printed corrugated boxes may eventually offer additional opportunities 






The researcher found that the price of inkjet inks was a significant barrier 
to achieving crossover run lengths that open large market segments to the 
benefits of next generation digital printing. Thus, an investigation of opportunities 
for reducing the cost of the inkjet inks used on digitally printed packages is a 
productive opportunity for future research. It is suggested here that two lines of 
research could be pursued. First, a cost model for producing inkjet inks could be 
developed and used to explore ways to reduce the cost of making these inks as 
ink usage increases in the future. Second, the impact of technologies that print 
thinner ink films could be explored. 
For flexible packaging, time limited the scope of research to one 
hypothetical next generation inkjet printing technology. Although this technology 
does not appear to be capable of taking significant market share, other 
technologies may offer better opportunities and exploring them is another fruitful 
area for potential research.  
For folding cartons, the researcher uncovered conflicting views concerning 
the viability of the opportunity to use next generation digital printing to create 
localized promotions. This indicates that further research could be done to 
investigate whether localized promotions are a significant opportunity for next 
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PS Label Cost Comparison Model 
 
The objective of the cost comparison model is to calculate the cost of 
producing one unit of salable product using alternative printing technologies. 
When modeling the cost of Pressure Sensitive Labels, one square meter of the 
product was used as the unit of production because the PS labels vary widely in 
size. Similarly, the cost model for Pressure Sensitive labels compared two well 
established PS label printing technologies: narrow web flexography and liquid 
toner digital printing.  
 
Narrow Web Flexo Cost Model  
The cost model for the present research was developed for flexographic 
printing and then adapted to fit alternative printing technologies. This approach 
attempts to insure that the cost comparisons used to calculate crossover run 
length treat the elements of cost in a consistent manner.  
The model is an Excel spreadsheet consisting of three sections: 
assumptions, time and material requirements, and cost per production unit. 
Figure 10 shows an overview of this spreadsheet with the assumption section 
highlighted in yellow, the time and material requirements section highlighted in 




















Figure 10.   Cost Comparison Model – Flexo Cost Calculation 
The first section (shown in yellow) documents the assumptions used in the 
cost calculation. Discussion of this section is integrated with discussion of the 
remaining two sections. 
The second section (shown in green) calculates the resources that we 
spend to produce one unit of product.  Figure 11 enlarges the time and resource 














Figure 11. Time and Materials Model 
The structure of the green section (figure 11) reflects the nature of the 
calculation. The first column lists the inputs and process steps required to 
produce PS labels. The second and third major blocks calculate the time and 
materials required to produce one square meter of PS labels respectively. The 
unit of time resource is the number of minutes used to produce a square meter of 
finished packaging and the unit of material resource is the amount of substrate 
and ink used to produce one square meter of finished packaging.  
The time calculation is divided into downtime and productive time. 
Downtime is the time spent changing jobs or producing unsalable product. 
Productive time is the time spent producing salable product. The time calculation 
consists of calculating the downtime and productive time by process step as 
described below:  
1. Press Set Up Downtime (PSUDT). Press set up downtime consists of 
the base set up time (BST, the time required to change substrates and 
prepare the line for changeover), plus plate changeover time (the time 
required to change the plates which carry the image we intend to print), 





Plate changeover time consists of the changeover time per plate (CTp) 
times the number of plates (NP) changed. Ink set up time consists of 
the changeover time per ink (CTi) times the number of inks (NI) 
changed. The calculation itself follows the formula: PSUDT= BST+ 
CTp*NP + CTi*NI. Finally, press set up downtime per square meter of 
PS labels is calculated as the quotient of total press set up downtime 
divided by the number of square meters in the job (run length*run 
width).  
2. Color Matching Downtime (CMDT). Color matching downtime consists 
of base matching downtime (BMDT, the time required to match colors 
that did not change), plus added color matching downtime (the time 
required to match the new colors which we intend to use). Added color 
matching downtime consists of the added color matching time per ink 
(ACMTi) times the number of inks (NI) changed. The calculation itself 
follows the formula: CMDT=BMDT+ ACMTi*NI. Finally, color matching 
downtime per square meter of PS labels is calculated as the quotient 
of total color matching downtime divided by the number of square 
meters in the job (run length*run width). 
3. Production Time. (PT). Production time consists of production 
downtime (PDT) and productive time (PRT). Productive time (the time 
required to produce a square meter of finished labels) is calculated by 





produced in one minute (the product of operating speed times run 
width), then dividing this result by the operating uptime of the process 
(one minus operating downtime). Production downtime is calculated 
by subtracting productive time from total time. 
4. Total Downtime (TDT). Total downtime consists of press setup 
downtime, plus color matching downtime, and plus production 
downtime. The calculation itself follows the formula: TDT = PSUDT + 
CMDT + PDT. 
5. Total time (TT). Total time consists of total downtime plus productive 
time. The calculation itself follows the formula: TT = TDT + PRT. 
The materials consumed in producing a unit of product consists of 
materials consumed producing scrap and materials contained in salable products. 
The material calculation consists of calculating the scrap and good output by 
process step as described below: 
1. Press Set Up Waste (PSUW). Press set up waste is calculated as the 
product of plate changeover time per plate (CTp) times the number of 
plates (NP) changed, multiplied by the percentage of time during press 
set up when the press is running, multiplied by operating speed (OS) 
and run width (RW). The calculation itself follows the formula: 
PSUW = CTp * NP * 0.33 * OS * RW. Finally, total press set up 





(run length*run width) to calculate press set up material waste per 
square meter of PS labels.  
2. Color Matching Waste. (CMW). Color matching waste is calculated as 
the product of color matching downtime (CMDT) times operating 
speed (OS), multiplied by the portion of color matching time when the 
press is running, multiplied by run width (RW). The calculation follows 
the formula: CMW = CMDT * OS * 0.5 * RW. 
3. Production Waste (PW). Production waste is calculated by subtracting 
one unit of good output from the total material required to produce that 
unit. The total material required to produce a square meter of good 
output is calculated by dividing one by the yield of the process (one 
minus the operating material waste (OMW)).The calculation itself 
follows the formula: PW = (1/ (1-OMW)) - 1. 
4. Total Waste (TW). Total waste consists of the sum of press set up 
waste, color matching waste, and production waste. The calculation 
itself follows the formula: TW = PSUW + CMW + PW. 
5. Total Material (TM). Total time consists of total waste plus one unit of 














The third section (figure 12) converts the resources used to produce a unit 
of product into the cost of procuring them. The first column lists the inputs and 
process steps required to produce PS labels. The second and third major blocks 
calculate the cost of time and materials required to produce one square meter of 
PS labels. The currency used here is US dollars and the unit of both time cost 
and material cost is dollars used to produce a square meter of finished packaging. 
The time cost calculation consists of downtime cost and productive time 
cost.  
Set Up Press Cost (SUPC). The cost of set up press is calculated as the 
sum of variable overhead cost (VOC, the cost of energy and production supplies), 
labor cost (LC, the cost of operator salaries and benefits), and fixed overhead 
and depreciation (FOD, the cost of the departments that support production plus 
the value lost by equipment as it ages), multiplied by the time required to set up 
the press. As the unit of these cost is dollars per hour, the researcher needed to 
divide the setup press cost by 60 to translate units from dollars per hour to 





dollars per minute. The calculation follows the formula SUPC = PSUDT * (VOC + 
LC + FOD) / 60. 
Color matching cost (CMC), running downtime cost (RDTC) and 
productive time cost (PRC) are calculated similarly to press set up cost. To be 
more precise, the calculations for them are: CMC = CMDT * (VOC + LC + FOD) / 
60; RDTC = PDT * (VOC + LC + FOD) / 60; PRC= PRT * (VOC + LC + FOD) / 60. 
The total downtime cost is the sum of press set up cost, color matching 
cost and production cost. Finally, the total cost of press time is calculated by 
adding total downtime cost and productive time cost.  
The total material cost calculation consists of the cost of materials use to 
produce good output and scrap.  
Good output cost consists of plate cost and material cost. The plate cost 
per square meter of labels is calculated by prorating the total cost of plates (cost 
per plate times the number of plates) over the number of runs before the plates 
are replaced and dividing this per run plate cost by the square meters ordered 
(run length*run width) to get plate cost per square meter. 
The cost of material in one unit of good output is calculated by multiplying 
one unit of output by the sum of substrate and ink cost per square meter. 
The scrap cost consists of press set up material cost, color matching 
material cost, and production material cost. The calculation of all of these costs is 





Finally, the total material cost is the sum of scrap cost and good output 
cost. 
 















Figure 13.   Cost Comparison Model – Digital Cost Calculation 
The digital printing model (figure 13) uses the same structure and 
formulas as the flexo printing model. The differences between the two models 





 Operating Speed. Operating speed is reduced from 100 m/min to 13.5 
m/min to reflect the speed limitation of the Indigo ws4000 series press. 
 Operating Material Waste. Operating material waste is reduced from 9 
percent to 1.5 percent because flexo presses use wet ink and have 
multiple printing stations. In addition, most of the Indigo presses do not 
have inline finishing sections which produce additional material waste 
in flexo presses. 
 Operating Downtime. Operating downtime is reduced from 20 percent 
to 7 percent for the same reasons that operating waste is reduced in 
digital printing. 
 Base Set Up Time. Base set up time is reduced from 30 minutes to 10 
minutes, because compared to flexo presses, no plates or wet ink 
need to be staged for changeover. 
 Added Color Matching Downtime per Color. Added color matching 
downtime per color is increased from 10 minutes to 20 minutes due to 
the added complexity of changing spot colors on an Indigo press (e.g., 
matching liquid ink density and adjusting the charge added to the ink 
particles). 
 Cylinders and Colors Changed. There are no cylinders or colors 





 Click Charge. Printers operating HP Indigo presses pay a click charge 
for electro ink and other press supplies.  
 Ink Cost. As mentioned above, ink cost in Indigo presses is included in 
click charge. 
 Plate Cost. There are no plates and therefore no plate costs when 
printing on Indigo presses. 
 Energy and Supplies. The cost of energy and supplies is reduced from 
17 dollars/hour to 13 dollars/hour, because the cost of supplies is 
included in the click charge. 
 Labor. The labor cost is reduced from $36/hr to $30/hr, because 
narrow width flexo press needs two operators, whereas the Indigo 
ws4000 series is designed for an operator/assistant operator to run 
two presses. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 
depreciation is reduced from 50 dollars to 40 dollars, because flexo 
presses require plate making and ink department support, whereas 























As mentioned previously, most Indigo ws4000 series presses do not use 
inline finishing. As a result, we need to calculate the cost of finishing by adding a 
separate finishing model (Figure 14). In this model, the researcher used the ABG 
Digicon-Lite to die cut and slit rolls of printed labels. The finishing cost model also 
uses the same structure and formulas as the digital model. The differences 





between the two models are found in the assumptions (yellow section) and are 
discussed below: 
 Finisher Width. Width is increased from 0.30 meter to 0.33 meter to 
reflect the capacity of Digicon-Lite to die cut and slit rolls of digitally 
printed labels. 
 Operating Speed. Operating speed is increased from 13.5 m/min to 38 
m/min to reflect the capacity of the finishing machine. 
 Operating Material Waste. Operating material waste is increased from 
1.5 percent to 3 percent to reflect the anticipated waste when using 
the finishing machine. 
 Base Set Up Time. Base set up time is reduced from 10 minutes to 5 
minutes, because the finishing machine has only one die cutting 
section. 
 Time per Die Change. The Digicon-Lite requires 10 minutes per die 
change.  
 Dies changed. Only 1 die cutting section is required and, as a result, 
we only need to change 1 die. 
 Overcoat Changeover Downtime. In this model, the overcoating 
section is not used, as a result there is no downtime for overcoating. 
 Digitally Printed PS Stock. The input to the finishing machine is high 





 Total Dies. As mentioned before, only one die cutting section is used, 
and as a result we only need one die. 
 Cost per Die. Usually the customers pay the die cost, and as a result 
there is no die cost for printers. 
 Energy and Supplies. The cost of energy and supplies is reduced from 
13 dollars/hour to three dollars/hour, because the Digicon-Lite is a 
relatively small machine. 
 Labor. The cost of labor is reduced from $30/hour to $14/hour, 
because the Digicon-Lite is a relatively simple and small machine 
compared to a printing press. As a result, the salary of the operator is 
lower and an assistant operator is not required. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 
depreciation is reduced from $40/hour to $32/hour, because the 
finishing machine is simpler and no prepress or ink makeup is required 









Estimated Cost Saving (Indigo ws4050 versus Flexo) 
 
 
In this Appendix, the researcher calculated the cost savings resulting from 




Savings Calculation – Job Length Distribution with Digital and Flexo Production 




















0-500 35% 250 60 40 7.95 3.66 
500-
1,000 
35% 750 180 80 3.07 2.24 
1000-
1,500 
30% 1,250 300 120 2.09 1.99 
 
 
According to “HP Indigo press ws4050” (2005), HP Indigo is cost 
advantaged for print runs of less than 50,000 labels (6,500 feet or approximately 
2,000 meters).  However, the cost model documented in Appendix A shows that 
when the cost of out-of-line finishing is added to the cost of printing the 
breakeven point is reduced to approximately 1,400m. Therefore, the researcher 





According to “HP Indigo press ws4050” (2005), approximately 36 percent 
of all label jobs are between 0 and 1,000m (0-25,000 labels). Similarly, 
approximately 32 percent of all label jobs are between 1,000m and 2,000m 
(25,000-50,000 labels). For purposes of this analysis, we will assume that the 
distribution of run length is uniform within the intervals shown by HP, so the 
1,000m-1,500m interval contains half of the 1,000 - 2,000m jobs, or 16 percent of 
the total jobs. Therefore the 0 -1,500m interval contains 52 percent (36%+16%) 
of all jobs. 
To estimate the potential savings associated with the adoption of digital 
printing, the researcher separated the range of digital jobs into 3 intervals, 0 -
500m, 500 -1,000m, and 1,000 -1,500m. In order to calculate the percentage of 
the Indigo jobs between 0 and 500m in run length, the percentage of jobs in this 
interval (18%) is divided by the percentage of all jobs run on the Indigo press 
(52%). Using this calculation, approximately 35 percent of all Indigo jobs are 
between 0 and 500m in run length. Similar calculations show that 35 percent of 
all Indigo jobs are between 500m and 1,000m and 30 percent are between 
1,000m and 1,500m,   
Using the cost model described in Appendix A, the researcher calculated 
average printing area, average running time (ART), digital production cost and 
flexo production cost to produce a job of average length in each interval. From 
these data, the researcher calculated running time for an average Indigo job as 





If we assume the plant runs 1 shift, 8 hours per day, 5 days a week, and 
50 weeks per year, the total available minutes for Indigo operation are: 
 8 * 5 * 50 * 60 = 120,000 min/year.  
Combining the results of the previous two paragraphs, the press runs 
1,530 jobs/year (120,000 min/78 min per job). At this point, total savings (TS) can 
be calculated. Table 14 shows the result of this calculation.  
Table 14 
 
Total Savings Calculations 
 




per m2 ($) 
Total Savings 
($) 
0-500m/job 535 60 4.29 137,709 
500-
1,000m/job 
535 180 0.83 79,929 
1,000-
1,500m/job 
460 300 0.10 13,800 
Total    231,438 
 
As Table 14 shows, the estimated savings available to a Label Printer with 
sufficient short run jobs to fill an HP Indigo 4050 for one shift is approximately 









Flexible Packaging Cost Model 
 
Overhead Cost Calculation 
 The researcher modeled a flexible packaging plant equipped with three 
flexo presses, three laminators, and eight slitters, to which the researcher added 
a high speed next generation inkjet digital press. The plant was assumed to work 
three shifts, five days a week. Based on an industry expert’s experience, the 
researcher assumed that 70 percent of the jobs have run lengths of one hour or 
more, long enough to be economically acceptable for production. The remaining 
30 percent of the jobs are short runs with running times ranging from 15 minutes 
to one hour, averaging 30 minutes. The changeover time for the conventional 
flexo presses was assumed to average 1.5 hours. Based on these assumptions, 
the average total production time of the economically acceptable and shorter 
running jobs in this plant is 4.5 hours per job. Since the plant runs three shifts, 24 
hours a day, then it can run approximately 5.5 jobs per day per press. Therefore, 
each press in this plant can run approximately 1,375 jobs per year, so the three 
conventional presses were assumed to run 4,125 jobs per year before the 
addition of the digital press.  
 Next, the researcher added a high speed next generation inkjet press to 
the plant. The cost and production performance of the digital press were based 





width and the capability of printing on plastic substrates. Initially, the digital press 
is loaded with the short run jobs in the plant’s existing mix. The changeover time 
for the digital press is assumed to be 30 minutes per job, and the run speed is 
assumed to be 200 meters per minute. Since the running time of short runs using 
flexo press is 0.5 hours, and the flexo press speed is assumed to be 230 meters 
per minute, the researcher calculated the running time using the digital press to 
be 0.6 hours at 200 meters per minute, so the total time for one digital job time is 
1.1 hours.  The total time to run the short run jobs on the digital press is 1,237 
jobs (30 percent of 4,125 total jobs) times 1.1 hours, or 1,360 hours. However, 
when the short run jobs shift from flexo presses to the digital press, 2,475 hours 
of production time (1,237 jobs times 2 hours per job) will be freed on the flexo 
presses, and this time can be used to print additional economically acceptable 
jobs. Using 2,475 hours divided by 5.5 hours per job equals 450 jobs. Because 
the acceptable jobs account for 70 percent of the total jobs, the total number of 
jobs added equals 450 jobs divided by 70 percent, or 643 jobs. The short run 
jobs, 30 percent of these additional jobs, will be run on the digital press, so 193 
additional short run jobs are loaded on the hypothetical inkjet press. Using 193 
times 1.1 hours per job equals 212 hours. Therefore, the total digital load per 
year is 1,572 hours, which is 1,360 hours plus 212 hours.  Table 15 shows a 








Cost Comparison of the Before and After Loading of the Plant 
 
 Flexo Press Load Digital Press Load Total  
Before 4,125 jobs 
18,500 hours 
NA 4,125 jobs 
18,500 hours 




4,768 jobs (+15%) 
20,200 hours (+8%) 
 
  
Ink Cost Calculation 
Flexo Ink Cost Calculation 
 The dry ink volume on one square meter equals one square meter times 
the ink film thickness.  Based on an expert’s experience, the average dry flexo 
ink film thickness is between 0.0001 cm and 0.0002 cm. For flexo inks, dry ink 
(solids) is one third of the wet ink volume, so the wet ink is approximately 0.0003 
cm to 0.0006 cm thick. The researcher took 0.0005 cm as an average number. 
The wet ink volume on one square meter equals 1 square meter times 0.0005 
cm, which is 5 cc. According to DeYoung (personal communication, February 22, 
2015), the process color price of flexo ink is $7/liter. The researcher assumed the 
spot color price of flexo ink is approximately $10/liter, and the white color price is 
approximately $6/liter. Based on the assumption that the ink coverage area for 
an average job is 100 percent for white ink, 7 percent for process ink, and 63 






Inkjet Ink Cost Calculation 
 According to Romano (2014), 75 percent to 95 percent of inkjet inks are 
water. The researcher assumed that 85 percent of the inkjet ink being modeled is 
water, so a 1 µm (.00001 cm) thick dry ink layer requires a 0.00067 cm thick wet 
ink layer (.00001/.15). The wet ink volume on one square meter equals 1 square 
meter times 0.00067 cm, which is 6.7 cc. According to DeYoung (personal 
communication, February 22, 2015), the process color price of aqueous inkjet ink 
is $40/liter. The researcher assumed that the 100 percent white ink coverage 
required by the design would be applied by an in-line flexo printing unit.  The 
remainder of the design would be printed using process color inkjet ink. After 
calculation, the cost of inkjet ink is $0.19/m² (.0067 liter x $40/liter x 70% ink 
coverage), and the cost of flexo white ink is $0.03/m², so the total ink cost for the 



















Figure 15.   Flexo Printing Cost Model for Flexible Packaging 
The flexographic printing model for flexible packaging (Figure 15) uses the 
same structure and formulas shown in Figure 10. The remainder of this section 
identifies and discusses the differences between the two models, which are 





 Press width. The press width is increased from 0.3 meter to one meter 
to reflect a typical wide web press used to print short runs of flexible 
packaging. 
 Operating speed. The speed is increased to 230 meters/minute to 
reflect a typical wide web press used to print short runs of flexible 
packaging. 
 Operating material waste. Operating material waste is reduced from 9 
percent to 2 percent to reflect the elimination of the in-line die cutting 
step.  
 Operating downtime. Operating downtime is reduced from 20 percent 
to 7.5 percent to reflect the elimination of the in-line die cutting step.  
 Base set-up time. The base set-up time is decreased from 30 minutes 
to 20 minutes due to the higher level of automation found on wide web 
flexo presses. 
 Run width. The run width is increased from 0.24 meter to 0.9 meter to 
reflect a typical wide web press used to print short runs of flexible 
packaging. 
 Plate change. The number of plates changed is increased from six to 






 Substrate cost. The substrate is 70 gauge slip Oriented Polypropylene 
(OPP), and the cost is reduced to $0.05/m² to reflect the much lower 
cost of an OPP monoweb compared to the cost of a three layer 
pressure sensitive label stock. 
 Ink cost. Ink cost is separately calculated in the Flexo Ink Cost section 
of this appendix, and the result of this calculation is used in the flexo 
cost model. 
 Plate cost. The plate cost is increased from 50 dollars to 200 dollars 
per plate to reflect the increased size of the plate. 
 Energy and supplies. The cost of energy and supplies is increased 
from 17 dollars/hour to 42 dollars/hour to reflect a variable overhead 
cost which is typical of a wide web flexo packaging plant. 
 Labor. The labor cost is increased from $36/hour to $57/hour to reflect 
a labor cost which is typical of a wide web flexo packaging plant. 
 Fixed overhead and depreciation. The cost of fixed overhead and 
depreciation is increased from 50 dollars to 385 dollars to reflect a 

























Figure 16.   Digital Printing Cost Model for Flexible Packaging 
The digital printing model for flexible packaging (Figure 16) uses the same 
structure and formulas shown in Figure 13. The differences between the two 
models are found in the assumptions (yellow section) and are discussed below: 
 Operating speed. The speed is increased to 200 meters/minute to 
reflect the speed of the hypothetical next generation press described 





 Operating downtime. Operating downtime is increased from 7 percent 
to ten percent to reflect a higher operating downtime of a hypothetical 
next generation digital press.  
 Color matching downtime. Because the model assumes that color 
calibration is performed before each job is run, additional color 
matching downtime is reduced to zero. 
 Substrate Cost. The substrate cost is increased to $0.055/m² to reflect 
the much lower cost of an OPP monoweb ($0.05/m²) compared to the 
cost of a three layer pressure sensitive label stock, plus the need to 
add primer at a price of $0.005/m².  
 Ink cost. Ink cost is separately calculated in the Inkjet Ink Cost section 
of this appendix, and the result of this calculation is used in the digital 
cost model. 
 Energy and Supplies. The cost of energy and supplies is increased 
from 13 dollars/hour to 40 dollars/hour to reflect a variable overhead 
cost which would be reasonable for a webfed digital packaging plant. 
 Labor. The labor cost is increased from $30/hour to $78/hour to reflect 
a labor cost which is would be reasonable for a webfed digital 
packaging plant. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 





fixed overhead cost which would be reasonable for a webfed digital 








Folding Carton Cost Model 
 The researcher modeled a folding carton plant equipped with four 
sheetfed offset presses, one next generation digital press, two sheeters, four die 
cutters, and five finishing units. The researcher created a sheetfed offset model, 
a Landa S10 model, and a HP Indigo 30000 model.   
 
































The sheetfed offset cost model shown in Figure 17 was adapted from the 
cost model shown in Appendix A. The primary difference between the models is 
that Appendix A modeled a webfed press, while this appendix models a sheetfed 
press. To accommodate this change, sheet size in the cross machine direction 
was used to populate the press width field, and press speed in meters/minute 
was calculated by multiplying press speed in sheets/minute by sheet height in the 
machine direction. The assumptions used in the model are documented as 
follows: 
 Sheet Size Machine Direction. The cost model simulated a B1 
sheetfed offset press with a machine direction sheet size of 0.71 meter. 
 Operating speed. A speed of 200 sheets/minute was assumed based 
on information provided by a folding carton converter. 
 Operating material waste. Operating material waste was assumed to 
be two percent based on information provided by a folding carton 
converter. 
 Operating downtime. Operating downtime was assumed to be 12.5 
percent based on information provided by a folding carton converter. 
 Changeover downtime. The approach to calculating changeover time 
was changed to better model a sheetfed press changeover. 
Changeover downtime is divided to four categories: downtime to 





downtime and color matching downtime. A sheet size change is 
indicated using a binary flag (1 = change, 0 = no change). The time to 
change sheet size is ten minutes. The time to change one plate is five 
minutes. Based on the comments of a large folding carton converter, 
a two person press crew allows two colors are changed in parallel, so 
the researcher modeled a two color ink change as a 14 minute 
operation. If only one color is changed, the operation still takes 14 
minutes, but one crew member is free to perform other tasks.  There 
is no base color matching downtime, and color matching downtime is 
modeled as six minutes for two colors.  
 Sheet size cross machine direction. The cost model simulated a B1 
sheetfed offset press with a cross machine direction sheet size of 1.00 
meter. 
 Substrate cost. The researcher chose SBS board as the substrate, 
and a cost of $0.42/m² was assumed based on the average RISI 
transactional price for 18 pt board during 2013 and 2014. 
 Plate cost. The plate cost is assumed to be 10 dollars per plate which 
reflects the cost of a typical B1 sheetfed offset plate. 
 Repeats per plate. The researcher assumed that plates would be 
discarded at the end of each job, so the repeats per plate assumption 





 Energy and supplies. The cost of energy and supplies is increased 
from 17 dollars/hour to 28 dollars/hour to reflect a variable overhead 
cost which is typical of a sheetfed offset folding carton plant. 
 Labor. The labor cost is increased from $36/hour to $69/hour to reflect 
a labor cost which is typical of a sheetfed offset folding carton plant. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 
depreciation is increased from 50 dollars to 252 dollars to reflect a 















































Figure 18.   Landa S10 Model – Cost Model 
The Landa S10 cost model shown in Figure 18 was adapted from the cost 
model used for hypothetical next generation digital press. The primary difference 
between the models is that hypothetical next generation digital press modeled a 
webfed digital press, while the Landa S10 models a sheetfed press. To 
accommodate this change, sheet size in the cross machine direction was used to 





by multiplying press speed in sheets/minute by sheet width in the machine 
direction. The assumptions used in the model are documented as follows: 
 Sheet Size Machine Direction. A machine direction sheet size of 0.71 
meter was assumed, consistent with the B1 sheet used by the Landa 
S10 press. 
 Operating speed. A speed of 108.33 sheets/minute was assumed 
based on information provided by Landa. 
 Operating material waste. Operating material waste was assumed to 
be 0.5 percent to reflect a reasonable level of waste for a digital press. 
 Operating downtime. Operating downtime was assumed to be 20 
percent for the same reason. 
 Base color matching downtime. Base color matching downtime was 
assumed to be ten minutes to reflect color calibration between jobs. 
 Color matching downtime per color. Color matching downtime per 
color was assumed to be 20 minutes due to the immaturity of the 
technology. 
 Sheet size cross machine direction. A cross machine direction sheet 
size of one meter was assumed, consistent with the B1 sheet used by 





 Substrate cost. The researcher chose SBS board as the substrate, 
and a cost of $0.42/m² was assumed based on the average RISI 
transactional price for 18 pt board during 2013 and 2014. 
 Ink cost. Because the Landa NanoInk patents disclose a similar ink 
formulation to inkjet inks, the inkjet ink cost calculation in Appendix C 
was used as the basis for estimating NanoInk cost. Initially, ink cost 
was assumed to be $0.19/m². In the long term, ink cost was reduced 
to $.095/m² to reflect the potential savings associated with 
experienced based reduction of ink cost. 
 Energy and supplies. The cost of energy and supplies is decreased 
from 40 dollars/hour to 34 dollars/hour to reflect a variable overhead 
cost which is reasonable for a Landa S10 in a folding carton plant. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 
depreciation is decreased from 364 dollars to 308 dollars to reflect a 




























Figure 19. HP Indigo 30000 Model – Cost Model with 80% Uptime and 7 colors 
Most of the HP Indigo 30000 assumptions shown in Figure 19 are based 
on information from a digital press supplier. The model used for the HP 30000 is 





created for B1 sheet size press and the HP 30000 model was created for B2 
sheet size press. The assumptions used in the HP 30000 case were modeled as 
follows: 
 Sheet size machine direction. The sheet size machine direction length 
is decreased to 0.5 meter reflecting a B2 sheet size press. 
 Operating speed. The speed is reduced to 28.75 sheet/minute to 
reflect the speed of the HP 30000 press. 
 Operating downtime. Because the HP Indigo 30000 is an immature 
press, operating downtime was modeled at two levels. The high level, 
40 percent, reflects the worst operating downtime which could be 
expected of an immature digital press. The low level, 10 percent 
reflects the best operating downtime which could be expected of a 
mature digital press. 
 Sheet size cross machine direction. The sheet size cross machine 
direction length is decreased to 0.71 meter, because it is a B2 sheet 
size press. 
 Ink cost. The ink cost is included in the click charge. 
 Click per impression. Based on the number of colors printed, the clicks 





 Cost per click. The cost per click for a high volume user was modeled 
at a price of $0.023 based on information from a folding carton 
converter familiar with the ws30000. 
 Energy and Supplies. The cost of energy and supplies is decreased 
from 34 dollars/hour to 29 dollars/hour to reflect a variable overhead 
cost which is reasonable for a HP 30000 in a folding carton plant. 
 Fixed Overhead and Depreciation. The cost of fixed overhead and 
depreciation is decreased from 308 dollars to 261 dollars to reflect a 









Summary of Validation Interviews 
Comments from Digital Press Supplier Interview - April 9th, 2015. 
1. Similar cost models can be found in the NAPL BLUE BOOK.  Comparing 
the researcher’s model with the cost assumptions used in the Blue Book is 
another way to check them. 
2. Q10: The digital press supplier used a litho ink price of $0.008 (vs $0.012 
from an sheetfed offset folding carton supplier). 
3. Q11 NA.  
4. Q12 Good opportunity at crossover point of 1000+ for B1 sheets. Mid-York 
website may have information on customized digital packaging (XM-Pie). 
5. Q13 Print Service providers - 50% are aware of HP 30,000. After Drupa 
2016 awareness will probably increase dramatically. 
 
Comments from Large Carton Supplier Interview - April 10th, 2015. 
1. Runs of 75,000+ on 40” presses move to 56” or 64” presses. 
2. Very short < 5,000 sheet orders are not produced on 40’’ presses. Instead 
they go into a separate system of B2 DI press( 29” x 21”), or they are 
outsourced to companies that specialize short run printing.  
3. Some Heidelberg presses 
In volume: 1% of the total business volume is under 12,000 B1 sheets. 
In jobs: 2% of all orders fulfilled are under 12,000B1 sheets. 
 A mix of 40 inch, 54 inch, 64 inch, and web offset presses print orders  
>5000 B1 sheets. 
4. 40% of short run jobs are under 12,000 B1 sheets. 
5. 20-25% of short run volume is under 12000 B1 sheets. 
6. Overhead expenses are “Pretty Close.” 






9. Downtime is incurred due to mechanical problems and lack of crew 
availability. 
10. Operating DT: 15%  including crewing issues (mechanical DT is 5% to 
7.5%). 
11. Copy on cereal boxes is constantly changing; ~15% high volume large 
run, and the challenge is the distribution chain.  
12. Yes – the folding carton market segment is well suited to adopt next 
generation digital printing. 
13. The converter expects to own at least 1-3 machine in the next 5 years. 
Providing custom cartons leads to growth of the core business 
 
Comments from Medium Carton Supplier Interview - April 14th, 2015. 
1. The medium carton supplier concentrates in the Health Care, Health & 
Beauty, and Multimedia markets.  
2. Food and beverage not a big part of their business.  
Typical run length (B1 sheets):  
a. Health care: 5 – 10k 
b. OTC: >50k 
c. Medical devices: 5-10k 
d. Ethical drug: 30k 
e. For 500-1000 sheet jobs, the converter has an Indigo 30,000   
3. HP Indigo 30,000 and short run 4 color litho 
4. For US market (cumulative percentage of jobs)  
below 2000: 10% -15% ; 2000-6000: 20-25% ; 6000-12000: 30% 
5. Below 2000 : 5-10% of total sales volume. 
6. Overhead assumptions are in good agreement with converter’s 
experience. 
7.  Converter uses a different cost model - no comments. 
13.  This medium carton supplier has 1 year experience with HP Indigo 
30000, and they think they will grow the volume of packaging printed on 






Using Pepsi US as an example, hard to distribute regionalized cartons.  Pepsi 
has a small number of orders but tremendous volume per order. The folding 
carton industry is under pressure to reduce cost, and has not been successful 
in selling added value. 
 More visible opportunities for regionalization in international companies. 
 
Comments from Regional Carton Supplier Interview - April 15th, 2015. 
1. Jobs under 4000 sheets are a favor to customers, are not economic to 
produce, and constitute around 10% - 12% of all jobs. If the run length 
reaches 5000, they may turn profit.   
The average run length of the regional carton supplier is 25,000, very 
close to the large carton supplier. 
2. Jobs <4000 sheets are ~3% of total sales volume. 
3. B1 offset presses are used to run even the shortest jobs. 
4. Jobs run length distribution: 10% of jobs fsare <2,000 sheets, 15-20% are 
<6,000, and 30% are < 12,000 (all numbers are cumulative). 
5. Jobs <12000 are 15% of sales volume. 
6. Overhead cost assumptions and total headcount is reasonable. 
7. Overhead cost allocations are reasonable. 
8.  Operating waste for short run jobs is 10%; for medium run jobs is 5%, and 
for long run jobs is 3%.  All these was numbers include waste in printing, 
die cutting, and finishing. 
10. Production cost assumptions are OK. 
11. Promotional packaging is 15-20% of revenue.  The converter does a lot 
holiday packaging - lower run length jobs, one and done.  
12. Yes – folding cartons are a good candidate for adopting digital technology. 
13. It will be a must to invest in digital technology - planning on investing. 
Comments: 
1. The regional carton supplier is very early Landa Alpha partner. 
2. Brands are asking for localized promotion and working are with HP/Landa 
directly.  Adoption of digital printing will be driven by both short runs and 
custom content. 
